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New Alliance—New Processes—NEW ECONOMY 


From Bound Brook’s newly-formed association with the world-wide organization of 
Birfield Limited, comes the new Ferrocite process—making possible economies of operation 
never before available in self-lubricated iron bearings of Bound Brook quality. The high 
standards of Powdiron” quality have been retained, but the resultant economies make 
Bound Brook your best buy in iron bearings. The next time your specs call for self-lubricated 


iron bearings, it will pay you to call Bound Brook, 


BOUND BROOK BEARING 


CORPORATION OF AMERICA 
A BIRFIELD COMPANY 


Pioneer in Powder Metallurgy Bearings and Parts « Plants at Bound Brook, N.J. and Sturgis, Mich 
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FASTEST 


cylinder response 


with the new 


Oss 


FLOW - C.F.M. FREE AIR 


PRESSURE DROP - P.S. I. 


These graphs represent one series of tests with a random selected valve under 
specific conditions of pressure, temperature, humidity, fluid flow and voltage, 


NOW use a small 
valve to doa 
big valve’s work 


These actual test graphs 
speak louder than words. Here 
is the highest capacity valve 
size for valve-size of anything 
on the market. This saves you 
money! It lets you use a smaller 
valve to do a larger valve’s 
work. See your Ross represent- 
ative for details. 


uf <oss Operating Valve Co. 


109 E. GOLDEN GATE AVE. + DETROIT 3, MICH. 


VOLUME - CUBIC INCHES 


OF OF 06 
RESPONSE TIME-SECONDS 
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IMPACT STRENGTH OF 
LEAD TREATED STEELS 


~ TORTURE 


TESTED 
Bi 


3500 TIMES 
PER MINUTE 


Switching to leaded* 

Aristoloy, Ingersoll-Rand 

was able to provide the 

high impact resistance 

(3500 per minute) and 

transverse strength re- 

quired in these hammer 

case bushings. Use of 

leaded steel also cut ma- 

chining time . . . elimi- 

nated tearing by the 

forming tool . . . extended 

tool life 10%... and DIVISION OF 
shortened grinding time. COPPERWELD 


Find out about these free i STEEL COMPANY 
machining lead treated 


steels—write for LEADED 
STEELS CATALOG today. 


*iniand Ledioy License 


ARISTOLOY STEEL DIVISION \S"*"[P? 4017 Mahoning Ave., Warren, Ohio + EXPORT: Copperweid Steel International Co., 225 Broadway, New York 7, N. Y. 
f 
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Front Cover: Acceleration patterns 
during ond after cam rise provide 
the theme for artist George Farns- 
worth’s cover design. Other curves 
for different system variables are 
part of Charles B. Hebeler’s cam 
analysis which starts on Page 102. 


The Professional-Engineer Exam ........-.- 9 


LLOYD M. POLENTZ—What to expect in the fundamentals portions of ditferent state 
examinations: Content and range, sample problems, suggested study references. 


| ..”””C~ttiti‘(“‘ Ne, 


W. E. CAWLEY—Basic concepts and advantages of a shaft design that uses prestressed 
concentric tubes to provide maximum torque capacity at minimum weight. 


Cycloidal-Motion Cam Systems ............ 102 


CHARLES B. HEBELER—Design equations and graphs for finding the dynamic response of 
dwell-rise-dwell cam and follower systems with cycloidal-motion input. 


Control Panel Designations. .............. 108 
FRANK WILLIAM WOOD Jr.—Ten tips which help to make panel manipulations accurate. 


Surface Hardening of Steels. ............. 110 


LESTER F. SPENCER—Part 2: Material Selection—A guide to the relationship between 
materials selection factors and the various surface-hardening methods. 


SS CT Si Rk a ae ee ee 


J. RONALD WICKEY and ARTHUR S. NEWMAN Jr.—Part 4: Starting Multispeed Motors— 
How to select controls for squirrel-cage motors having more than one operating speed. 


og 


F. W. KINSMAN—A comparative analysis of design parameters for commonly used small 
jewel-type bearings of various configurations. 


i i ae 


J. 1. GONZALEZ—Data Sheet—Charts that simplify calculation of an over-all coefficient 
for analysis of heat flow across vertical or horizontal air gaps. 


Loosening of Bolted Joints. .............. 135 


O. A. PRINGLE—Design Abstract—Methods for predicting quantitatively the amount of 
loosening that results from plastic deformation of the bolt. 





CONTINUED NEXT PAGE 








Nothing Venture, Nothing Win 


COLIN CARMICHAEL—Editorial 


Engineering News... 0.2.22 cc eccees 
Mobile passenger lounge ... Power at the poles 
ESA gives up Plastics gain in auto race .. 26 
Siamese-twin transistor Dent tests 
Quick check for Continental 32 
Stainless T-Bird muffler .... Pulse-jet water heater 
Metals Matters Hydrostatic drive 
Rehearsal for re-entry Gas-turbine tractor 
Metric-system controversy ... IH light-duty vehicles 


Trends 

Picture Report 

Meetings and Shows 

Short Courses and Symposia 


Scanning the Field for Ideas . . 
Air film controls clearance between recording head and wheel—pnev- 
matic pyrometer gages gas temperature—shimless ‘“‘shimming’’ positions 
pivoted block for adjustment accuracy—face-cam regulator adjusts V-belt 
squeeze—paired tape pulses measure shaft speed, torque, and power. 


er er ee 


Inside-outside rollers drive plane parker—weigh-down scale simplifies mix 


control in portable concrete batcher—box girders make heat flues in 
hefty dump truck—nitrogen bubble absorbs car-grab shocks. 


Tips and Techniques 
Arc through three points .... 95 Multiplying by pi 
Solving oblique triangles ... 134 


Design Abstracts .......... 
New Parts and Materials. .... . 
Engineering Department Equipment 
The Engineer’s Library . 
Noteworthy Patents 

Backtalk 


Helpful Literature . 
Subject Index Advertising Index 


Reader Service Cards Business Staff 





IN THE NEXT ISSUE: Technical proposals for contract projects .. . 
elastomeric torsion springs . . . Spiroid gearing . . . dynamic per- 
formance of hydraulic cylinders . . . ac motor control . . . coded 
wiring terminations . . . columns loaded between supports. 





February 2, 1961 
Volume 33 — No. 3 


COLIN CARMICHAEL, Editor 


BENJAMIN L. HUMMEL, Executive Editor 
ROBERT L. STEDFELD, Managing Editor 


Senior Associate Editors 


LEO F. SPECTOR 
WILLIAM S. MILLER 


Associate Editors 


SPENCER R. GRIFFITH 
JAMES A. PARKS 
MELVIN E. LONG 
JESSE W. HUCKERT 
CLARE E. WISE 
DONALD R. DREGER 


Assistant Editors 


THEODORE M. LEACH 
STANLEY G. COOK 
RICHARD A. JACOBSON 
JOHN J. HOSTAK 
SAMUEL E. BARNES 
JOSEPH M. HOMITCH 
FRANCIS J. LAVOIE 
JANE H. SMITH 
MARIAN L. EICHAR 


Art Editors 


FRANK H. BURGESS 
ROBERT L. TUFTS 


PUBLISHER 
ROBERT L. HARTFORD 


EDITORIAL OFFICES 
Penton Building, Cleveland 13, Ohio 


Branch Offices 


New York, Detroit, Chicago, Pittsburgh, 
Washington, London 


©1961 by The Penton Publishing Co. 
All rights reserved. 


MACHINE DESIGN is sent at no cost 
to management, design and engineering 
personnel whose work involves design 
engineering of machines, appliances, 
electrical and mechanical equipment, in 
U. S. and Canadian companies employ- 
ing 20 or more people. Copies are sent 
on the basis of one for each group of 
four or five readers. Consulting and in- 
dustrial engineering firms, research in- 
stitutions and U. S. government instal- 
lations, performing design engineering 
of products are also eligible. 


Subscription in United States, posses- 
sions, and Canada for home-addressed 
copies and copies not qualified under 
above rules: One year, $10. Single cop- 
ies $1.00. Other countries: One year, 
$25. When requesting changes of ad- 
dress, etc., please allow four to six 
weeks for processing. 


Published every other Thursday by 
The Penton Publishing Co., Penton 
Bldg., Cleveland 13, Ohio. Accepted as 
Controlled Circulation publication at 
Cleveland, Ohio. 


MacHINE DEsIGN 








2: te UR ER AEs 
TisTiTiiiit: 


eyuaaahirt?? 





eee 





Our on-the-job services make your job easier 


You can save considerable time and money in 
getting flexible connectors best suited to your 
needs by utilizing the sales engineer consulting 
services of Anaconda Metal Hose Division. 


We are specialists in designing and producing 
flexible connectors to meet problems of expansion, 
contraction, movement, vibration, corrosion, pres- 
sures, and temperatures. We have broad experi- 
ence working in stainless steel, other steel alloys, 
Monel, copper alloys, aluminum, and Teflon*. 
Our specially trained men will come to you. This 
is how our services work: 


You let us know your flexible connector needs— 
with conditions, dimensions, and such sketches or 
drawings as might be necessary for us to under- 
stand the problems. 


We will work out design problems with your 
engineers and draftsmen. 


Circle 406 on Page 19 


We will make specialists available for imme- 


diate service calls on equipment or field installa- 
tions. 


We will follow through from original design to 
finished product. 


Our specialists are available to you through 
Anaconda Metal Hose representatives in leading 
cities—see the listing “Hose-Metal” in the Yellow 
Pages. Or write direct: Anaconda Metal Hose, P.O. 
Box 791, Waterbury 20, Connecticut. In Canada: 
Anaconda American Brass Ltd., New Toronto, Ont. 


*Registered trademark for DuPont fiLorocarbon resins. 60124L 


ANACONDA 


METAL HOSE 








Self-propelled lounges will replace the usual 
passenger maze at Washington's International 
Airport. This model, built by Chrysler, is con- 


Mobility: Cure for Creeping Airports 


N terms of the jet age, airports, 

like the dinosaurs, have become 
victims of their own size. The con- 
ventional terminal has grown into a 
sprawling complex, with long “fin- 
gers” extending out the aprons to 
far-flung gate positions. Several 
airports, now on the drawing boards, 
show connecting walks of nearly 
one mile . a point of no return 
as far as passenger convenience and 
airline economy are concerned. 

A practical solution to this prob- 
lem has been incorporated into the 
planning of Washington’s new 
Dulles International Airport. Plush 


mobile lounges, mated to the ter- 
minal within easy walking distance 
of the check-in counters, will carry 
passengers to and from airplanes. 
Chrysler Corp. is building a pro- 
totype of the proposed vehicle, based 
on requirements set forth by the 
FAA. The mobile lounge is essen- 
tially a comfortable, self-propelled 
vehicle approximately 60 ft long 
and 15 ft wide. The passenger com- 
partment will have the character of 
a well-appointed waiting lounge, in 
terms of layout, seating, lighting, 
air conditioning, and other comfort 
features, It will seat a total of 90 


ventionally powered, drives from either end. 


passengers, of which a minimum of 
60 will be accommodated in perma- 
nent lounge-type seats, the balance 
in some sort of temporary seating. 
No lavatories or drinking-water fa- 
cilities are contemplated, but smok- 
ing will be permitted. 

The vehicle will be able to operate 
in either direction, with no penalty 
in maneuverability or driver visibil- 
ity. Maximum cruising speed: Ap- 
proximately 30 mph. The lounge 
will serve all four-engine aircraft 
presently in use or on order, but 
not smaller aircraft such as the 


Douglas DC-3 or Fairchild F-27. 


/ 


Quick, positive positioning of the mobile lounge ; 7 

—da major design requirement—has been com- ES ey \ J / 

plicated by extremes in aircraft configuration ; ‘ wage eer 
and door operation. Chrysler determined that ' 

access ramps, originating from both the left and 

right front corners of the lounge, would be 

necessary to solve clearance problems in match- 

ing the various aircraft. Good seal has to be 

made between aircraft and lounge to maintain 

effective heating and air conditioning. 
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Years of Fluid Power 
From Ojilgear App/ication-Engineering Files 


HOW OILGEAR HEAVY-DUTY ELECTROHYDRAULIC POWER AND CONTROL SYSTEMS 
SERVE OVER 125 APPLICATIONS ON SEAGOING HOPPER DREDGE ‘“‘MARKHAM.” 


USER AND DREDGE DESIGNER: U. S. Army Corps of Engineers 
BUILDER: Avondale Marine Ways, Inc., 


The ‘‘MARKHAM’’— constructed in accordance 
with A.B.S. and U.S.C.G. requirements, and largest 
suction dredge for Great Lakes harbor and channel 
maintenance—has Servocontrol Valve-equipped Oil- 
gear Drives on Post Crane— Main, Whip, Topping 
Hoists and Rotating Machinery; and Anchor Windlass. 
Two Cargo Winches have Oilgear servo-motor lever 
hand-controlled drives. Oilgear Pumps, Cylinders, and 
Valves operate twelve 24-in. pump room valves, thir- 
teen jetting valves, three sea valves, brakes and clutches 
on drag winches, forty mixing well gates, eight hopper 
dump gates, eight hopper distribution nozzle gates, 
and two gas collecting system valves. . 

over 125 Oilgear Power and Control applications. 


New Orleans, Louisiana 








Post crane, with long boom, features remote, manual- 
controlled, Servocontrol Valve-equipped Oilgear Drives for 
all functions. Main hoist drive has a ‘‘DV-20’”’ Pump and 
“*H-20”’ Motor to handle loads to 20,000 lb at any speed up 
to 25 fpm. Whip hoist drive has a “‘DV-20” Pump and 
“*H-20”’ Motor to handle loads to 4,000 lb at any speed up 
to 125 fpm. Topping hoist has a “* DV-35” Pump and “‘ H-20” 
Motor to raise full-loaded boom in 2!'4 minutes. Rotating 
drive with ‘“‘DV-35’”" Pump and “H-20” Motor turns full- 
loaded crane 360° at 14 rpm. All drives are capable of han- 
dling a 50% overload. Manual operating levers, pushbutton 
stations, drive pressure gages, and pump stroke indicators 
are on a central control console. 


Seagoing Hopper Dredge ‘‘MARKHAM,” launched dune 10, 
1959, is 339’6”" long, has a 62’ beam and 28’ draft amidships. Hopper 
capacity — 2,680 yards. Loaded Displacement —7,700 tons. Capable 
of dredging to a depth of 43’6", this diesel-powered vessel has a 
rated speed of 13 mph fully loaded, and 14!4 mph light. The keel 
was laid at Avondale on July 29, 1958. 


Two Oilgear ‘“‘Power-Paks’’—one is a “‘stand-by’’—supply 
fluid power for operating over 100 cylinders that actuate 6 
drag winch brakes, 8 drag winch clutches, 30 valves, and 56 
gates. Each 600 gallon reservoir mounts two Oilgear‘“‘ CG-60” 
Constant Displacement, Radial Piston Pumps and their 


One of the four mixing wells—ten Oilgear double-acting 
cylinders operate the gates for each well. Oilgear trunnion 
cylinder, at right, operates distribution nozzle gate. 
Oilgear ‘‘Power-Paks”’ supply fluid power for operating 
over 100 cylinders. Two cargo winches on the forward deck 
feature Oilgear ‘“‘Any-Speed’’ Drives manually controlled 
from the forecastle deck. Each winch uses an Oilgear 
‘“‘DH-4”’ Pump and “H-8”’ Motor Drive to lift 3,200-lb. 
loads at any speed up to 50 fpm. 


For Lowest-cost-per- year operation on ANY application 
.- it’s Oilgear! This fact has been proved by over 50,000 
nominal horsepower of Oilgear Pumps on marine 
steering gear installations alone. Other marine appli- 
cations include mobile drilling barges, elevators, 
catapults, capstans, large valve controls, lock and 
dam gates and bridges. Circle 407 on Page 19 


electric drive motors. Each pump delivers 67.2 gpm at any pressure 
up to 1750 psi. The Anchor Windlass also features a Servocontrol 
Valve-equipped Oilgear Drive with manual control unit located on 
the forecastle deck. An Oilgear ‘‘ DV-60’’ Pump and ‘‘H-60”’ Motor 
Drive (not shown) handles two 7,000-lb anchors simultaneously at 
any ea up to 5 fathoms per minute. An electric brake on the Oil- 
gear Motor tailshaft is interlocked with the pump control. 


For practical solutions to YOUR linear or rotary-Controlled ‘ 
Motion problems, call the factory-trained Oilgear Application- 
Engineer in your vicinity. Or write, stating your specific require- 
ments, directly to... 


THE OILGEAR COMPANY 
Application-Engineered Controlled Motion Systems 


1568 WEST PIERCE STREET »« MILWAUKEE 4, WISCONSIN 
Phone: Mitchell 5-6715 . . . Direct Distance Dialing Code 414 
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Union Federation Gives Up 


Wasuincton—Engineers and Scien- 
tists of America, an eight-year-old 
federation of engineering unions, 
has been dissolved. An experiment 
in unionization, ESA had internal 
difficulties several years ago because 
of its insistence on “professionalism 
first” and never recovered. 

ESA’s troubles started in 1957 
when several major affiliates with- 
drew to form their own group— 
Engineers and Scientists Guild. Rea- 
sons given were that ESA had made 
the Taft-Hartley definition of a pro- 
fessional a criterion for membership 
in any of its unions and had de-em- 
phasized collective bargaining. These 

‘two issues split the federation wide 
open. 

Final blow was the withdrawal 
(a few months ago) of the Associa- 
tion of Professional Engineering 
Personnel. APEP claimed the feder- 
ation was financially unable to take 


any positive action. ESA president 
Joseph Amann admits the shortcom- 
ing but contends it was due to un- 
realistic dues of $8 per year received 
from each engineer-member. Ac- 
cording to Mr. Amann, the dues 
were insufficient to support action 
programs. 

Major difficulty encountered by 
ESA, according to the National So- 
ciety of Professional Engineers, was 
the reluctance of engineers in in- 
dustry to support unionism in any 
form. Even in their few established 
bargaining units, ESA affiliates have 
been able to recruit less than 50 
per cent of the engineers. 

To sum up the experiment, Mr. 
Amann predicted engineers in in- 
dustry will eventually organize, but 
they will first have to choose be- 
tween the professional unionism of- 
fered by ESA and the labor union- 
ism offered by AFL-CIO. 


Electronic ‘Siamese Twins’ Boost Power 


New Yorx—A small but mighty 
solid-state device, called a twin 
planar —or more informally — the 
“Siamese Twin” transistor, is com- 
posed of two silicon transistors with 
a common collector and is construct- 
ed “like a ship in a bottle.” It 
promises greater power for consum- 
er, industrial, and military electrical 
devices. 

© In space vehicles, it could sub- 
stantially amplify power from a so- 
lar cell to transmit information back 
to earth. 

@ In industry, it could be used in 
automatic-production controls, lab- 
oratory instruments, and tempera- 
ture regulators. 

© Consumer equipment could take 
advantage of its abiliry to step up 
a 12-v automobile battery output 
to 110 v. 

Because its two silicon transistors 
are identical, the “Siamese Twin” 
can be made to amplify electronic 
signals, convert them from dc to ac 
and back again, regulate their power 
or flow, subtract one signal from 
another and amplify the difference 
(as in a differential amplifier), and 
perform a variety of other jobs. 

According to Ed Johnson, chief 
engineer of RCA’s Semiconductor & 


8 


ae 


Two identical transistors, built as a 
single unit by Radio Corp. of America, 
increase voltage of low-power sources. 


Materials Div., a planar transistor 
is constructed in such a way that all 
its electrically active areas are inside 
the semiconductor crystal from 
which it is made. These areas are 
constantly protected by the “skin” 
of the crystal itself even during 
manufacture. Thus, the ship-in-a- 
bottle analogy. Result is a transistor 
that is “inherently rugged, more sta- 
ble, and longer-lived.” 





Topics 


Science visits the scullery to solve an 
atomic-age problem. Storing uranium 
at the Nucleonics plant of Aerojet- 
General Corp. posed a problem be- 
cause of several requirements for the 
container to be used: It had to be 
small, since large amounts of uranium 
can’t be stored in one place; it had 
to be water-tight, because wet uranium 
is dangerous; and it had to have a 
lid that wouldn’t come off and permit 
the contents to spill. At the suggestion 
of an employee who is also a hotse- 
wife, they are now storing the urani- 
um in pressure cookers. 

ee @ 

Ringing up a reference is the way 
to get books at the University of 
Delft (Holland) library. In the “Biblio- 
phone” system, each book is assigned 
a seven-digit code number, and the 
student simply dials the number of the 
book he wants. A series of lights go 
on, directing him to the corridor, cabi- 
net, shelf, and exact location of the 
book. If the book is not in its place, 
the dialer gets a busy signal. 

eee 

Car cards, billboards, subliminal TV 
commercials, and now—space writing. 
Advertising in orange letters against 
the evening sky, visible for hundreds of 
miles, is a “real possibility” for the 
future, according to Wallace Harper 
of Lockheed’s Missiles and Space Div. 
Mr. Harper, a ceramist, and Ralph 
Armstrong, a high-temperature metal- 
lurgist, developed a method of tracking 
spacecraft descending from orbit with 
a sodium vapor trail, which would 
glow orange-red in near-space. Sodium 
vapor works like a gigantic lamp at 
these altitudes; a trail from a space 
ship would be stable for about 30 
minutes. Commercial adaptation must 
await a means of programming words. 

eee 

Speedy paymaster: A Minneapolis- 
Honeywell 800 electronic data-process- 
ing system recently processed a 10,000- 
man industrial payroll in 2.75 minutes. 
In this time, the computer updated a 
master payroll file, calculating each 
employee’s gross and net pay, Social 
Security and withholding taxes, per- 
sonal deductions, and payments for 
government bonds. 

ee e 

A thinking robot is being developed 
at the University of London. Among 
its accomplishments are to be the 
ability to distinguish friends from 
strangers and important problems from 
unimportant ones. The British scien- 
tists also plan to endow their machine 
with speech (in the form of elec- 
tronic squeaks), sight, and skills such 
as reading and writing. 
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VULCAN 


TURNS ON 
THE HEAT 


to meet your electric 
heating needs 


There’s an answer to your electric heating prob- 
lems in Vulcan’s versatile line of heating units, 
components, and equipment. 

A wide range of sizes, types and ratings is avail- 
able to meet a variety of heating needs: cartridge 
heaters for insertion into machine parts, dies, 
platens, molds, presses, etc; tubular heaters for 
clamping to metal surfaces, insertion into ma- 
chined grooves or casting into metal forms and 








machine parts; strip heaters for space or con- 
duction heating; immersion heaters for all kinds of 
liquids. And in addition to components, Vulcan 
offers complete units such as air duct and radiant 
heaters for comfort heating, as well as circulation 
and fuel oil heaters. 

Rely on Vulcan versatility— in product, in 
engineering, and in service — for your complete 
heating needs. Write for catalog. 


VULCAN ELECTRIC COMPANY 


¢ DANVERS, MASSACHUSETTS 


Circle 408 on Page 19 
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New Stainless Is Standard in T-Bird Muffler 


PrrtsBuRGH — American production 
cars are finally getting stainless-steel 
mufflers. The first, now going on 
’°61 Thunderbirds, contains 7 lb of 
stainless parts (those that are most 
likely to rust out) and 6 lb of other 
materials. The new mufflers are 
expected to last at least three times 
as long as conventional types. 

Key to the development is a new 
stainless steel (MF-1) from Alle- 
gheny Ludlum Steel Corp. MF-1 is 
five to six times more corrosion re- 
sistant than aluminized steel, 15 to 
18 times more than steels common- 
ly used in auto mufflers. Unusually 
ductile and very easy to weld, the 
new stainless has a chrome content 
of about 11 per cent. Titanium and 
other elements are added to tailor 
its properties for automotive muf- 
flers. 

Now that Ford has paved the way, 
at least one manufacturer says his 
company is considering a line of 
stainless replacement mufflers. 


Standard equipment on the '61 Thunderbirds, Ford's new 13-lb muffler contains 


7 |b of stainless steel. 
made from 0.48 gage. 


Inner shell and one baffle are 0.36 gage; 
By specifying stainless steel for parts likely to rust, out, 


heads are 


Ford designers expect to increase muffler life three-fold. 





Atomic bond... 

of an electrical contact facing of precious 
or semiprecious metal to a base metal 
rivet body is made in the Atomiclad 
process developed by Gibson Electric 
Co., Delmont, Pa. Advantages claimed 
for the process are improved electrical, 
mechanical, and thermal capacities; 
cost reduction; and use of the precious 
metal only in the area and thickness 
required by the application. Area may 
range from a small, centered ellipse to 
coverage of the entire rivet head; thick- 
ness can be from 0.005 in. up to 85 
per cent of the total head thickness. 
Present facing materials include silver, 
silver alloys, gold and many of its al- 
many sintered materials. 
Rivet types are flat, full-crowned, and 
conical facings, with base metal shanks 
in solid, indented, or tubular forms. 


loys, and 


Cold-pressed tungsten... 

is suitable for rocket components that 
must withstand intense heat. The 
largest units produced by this method, 
according to General Electric Co., are 
its 160-lb tapered cylinders used for 





exhaust ports in Polaris and Minute- 


man solid-fuel missiles. In the cold 
pressing process, metal powder is sub- 
jected to hydrostatic pressure of 25,000 
psi and sintered before machining, forg- 
ing, or rolling. Pressure chambers used 
by GE are barrels from 16-in. guns 
salvaged from World War II battle- 


ships. 


Columbium stabilizes carbon... 
and increases yield strength of carbon 
steel. Only 14 to 1 lb of columbium 
per ton of steel provides sufficiently 
increased strength to permit a savings 
of 35 per cent in weight compared with 
regular carbon steels, according to 
Molybdenum Corp. of America. 


Coating cadmium... 

by an inexpensive, single-dip chromate 
conversion process is announced by 
Hanson-Van Winkle-Munning Co. The 
Chem-Rite C-55 process 
enhances the brightness of the cadmium 
deposit and produces a clear chromate 
surface, according to the developer. Its 
chief use will be to provide a protec- 


easy-to-use 


tive coating that doesn’t discolor or lose 
its brightness during long shelf life. 


Nickel battles corrosion... 

in coatings being developed at Inland 
Steel Co., Chicago. Coatings contain- 
ing a high percentage of nickel, with 
chromium boride or tungsten carbide 
added to improve wear properties, are 
sprayed, dipped, or painted on metal 
surfaces. A reducing atmosphere con- 
verts the nickel coating into a surface 
which does not peel or crack. 


Welding 0.0001-in. wire... 

is done with high-frequency sound 
waves instead of heat, using an 
ultrasonic hand welding and soldering 
unit for small wires and pieces of 
metal made by Cavitron Corp., Long 
Island City, N. Y. Flux is unneces- 
sary before soldering, because the 
sound waves remove any oxides on 
the metal’s surface. The Cavitron kit 
comes with four tips for various op- 
erations; an attachment for welding 
plastics is among a number of other 
tips being developed. 
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N/D PROGRESS REPORT 


nuclear energy section of research and development 


THE EVOLUTION OF SPECIAL ALLOY BALL BEARINGS 
FOR CONTROL ROD DRIVE MECHANISMS IN WATER 
MODERATED, LIQUID METAL AND GAS COOLED REACTORS 


Since 1949, New Departure’s Nuclear Energy Section 
of Research and Development has been working in 
the development of special ball bearings for nuclear 
reactor applications. These applications have posed 
highly unusual design problems in that, for example, 
such obstacles as high purity water environment and 
radiation were never before contended with by a ball 
bearing manufacturer. Following is an outline of the 
most significant engineering developments in nuclear 
reactor ball bearings including current N/D projects on 
ball bearings for future nuclear reactors in land, sea 
and air installations 





Cobalt base alloy raceways clad 
on stainless steel ball bearings. 


Water Moderated Reactors—In the early days of 
nuclear reactor development, it was assumed that 
standard ball bearings would operate satisfactorily 
in the water moderated system control rod drive 
mechanisms. However, standard bearings seized, 
galled, corroded and wore severely in the high tem- 
perature, high purity water environment. 


New Departure, in cooperation with a leading metal- 
lurgical firm, developed present techniques for mak- 
ing ball bearings from cobalt base alloys. These 
bearings with refinements are currently being used 
on a majority of the control rod drive mechanisms 
operating today. 

Gas-cooled Reactors—At the present time, New 
Departure’s Nuclear Energy Section is working on 
new ball bearing designs, theories and materials for gas 





Liquid Metal Systems—New Departure has pro- 
duced test samples for operation in liquid metal 
medium. One project recently completed was the 
development of design criteria for friction wear and 
scoring resistance of bearings lubricated with liquid 
mercury. 


Cobalt Alloy Clad Upon Stainless Steel—N/D con- 
tinued development work on cobalt base alloy bear- 
ings because some proved sensitive to shock loading. 
The result was the development of a technique of 
cobalt alloy clad upon stainless steel on which N/D 
holds the patent. 


NS Savannah— More recently, New Departure was 
asked to assist in recommending ball bearings for 
the reactor to be used in the NS Savannah. In this 
application, the bearings are to run unlubricated 
in a high temperature, high pressurized water 
environment for a given number of revolutions. 
Following design recommendations, N/D developed 
the ball bearing for use in the prototype assembly, 
and is currently supplying production bearings for 
the NS Savannah’s control rod drive mechanisms. 


NS SAVANNAH 


N/D Performance— With a history such as this, N/D 
engineering experience and facilities are ready to help 
you meet stringent operating requirements as well as 
tight delivery schedules. 


If you would like ball bearing application assistance, 
contact the N/D Sales Engineer in your area, or call 


type reactors employing helium and other gases, lg or write New Departure, Division of General 


to be used in land, sea and air applications. 


Motors Corporation, Bristol, Connecticut. 


NEW DEPARTURE 


BALL BEARINGS - PROVED RELIABILITY YOU CAN BUILD AROUND 
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Drop tests for Discoverer 
and Trailblazer II provide 


Rehearsals for Re-entry 


STATE OF THE AEROSPACE ART is moving 
so fast that designers must continuously 
improvise, invent, and design apparatus 
to obtain performance data. Problems that 
must be solved before astronauts can be 
brought back safely require new ap- 
proaches to instrumentation and new 
types of equipment. High-speed photogra- 
phy at Lockheed is shedding light on the 
action of nose cones in the atmosphere, 
and special-purpose NASA missiles will 
soon start firing capsules back toward 
earth to provide re-entry data. 


Filming the faults 


Flight-test data showed that the 
Discoverer satellite was unstable on 


re-entering the atmosphere, so Lock- accurate attitude-change data). 





heed Missiles and Space Div. set up 
tests to correct the situation. After 
the test area was rigged for pho- 
tographic coverage, capsules were 
dropped from a jury rig on top of 
a static-test stand (left). 

Knowing free-fall distance and 
the programmed firing times, Lock- 
heed engineers positioned two cam- 
eras to cover each critical point in 
the drop (paired cameras provided 
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200 400 600 800 1000 / 
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Other cameras were mounted di- 
rectly above the drop path and on 
the ground. Films were calibrated 
to provide base time references, such 
as rocket-ignition, burning time, etc. 
Photos of axial instability (right) 
and other flight faults led to changes 
in the capsule design. As a result, 
Discoverer XIII became the first 
man-made object to be recovered 
from an orbit around the earth. 


. . - and upside-down rockets 


Trailblazer II, now being fabri- 
cated by Atlantic Research Corp., 
is designed to propel small nose 
cones into space, then fire them 
back into the atmosphere. First two 
stages of the 50-ft long research ve- 
hicle will fire in a normal manner. 
After the second stage has separated 
and the package has coasted to peak 
altitude, third and fourth stages ig- 
nite and speed the payload back 
toward earth at 17,000 mph (left). 

Rather than attempting to turn 
Trailblazer around at peak altitude, 
ARC engineers designed return- 
stage rockets to fire in the upward 
direction. By this technique, they 
were able to make the lightweight 
research tool highly reliable, yet 
simple. NASA plans six firings of 
Trailblazer II in the spring. 
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Torrington offers these basic types of thrust bearings. 


When performance counts— Pp U T 
YOUR 


Cylindrical roller 


TORRINGTON a ee 
THRUST 
BEARINGS 


Whatever your performance requirements, there’s a a Roch 


Torrington Thrust Bearing precision engineered to 
meet your needs. 

Cylindrical, self-aligning cylindrical, tapered... 
grooved race ball, angular contact ball or needle thrust 
—all are designed and manufactured to the highest 
Torrington standards for performance, reliability and 
long trouble-free service life. 

From the smallest to the largest—for power tools 
or giant radar installations—Torrington Thrust Bear- 
ings have the same unmatched precision quality built 
into every Torrington product. Depending on specific 
types and applications, they are available with a choice Angular contact ball 
of bronze, steel or phenolic retainers. 

Whether your thrust application calls for a stand- 
ard bearing or one specially designed to meet unique 
conditions, you can rely on Torrington for a bearing 
that’s exactly right for the job. Contact Torrington— 
designers, engineers and manufacturers of every basic 
type of anti-friction bearing. 


Grooved race ball 


Needle Thrust 


progress through precision TORRINGTON BEARINGS 
TH E TORRINGTON COMPANY South Bend 21, Indiana, Torrington, Conn. 
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ENGINEERING NEWS 


State-of-the-Art Supersonic Transport 


Transport version of the B-58 bomber is proposed by Convair 
as a means of putting the U.S. ahead in supersonic air travel. 
Converted Hustler would cruise at about Mach 2.5, carry 52 
passengers. Design changes would involve an enlarged 
fuselage, new engines (P&W J-58s; 30,000 Ib thrust without 
afterburning), and the addition of a horizontal tail. Convair 
says cost of conversion would be reasonable because of 


Metric Controversy 


previous B-58 fabrication and flight experience. Preliminary 
flights would first be carried out with a current B-58 carry- 
ing a five-passenger people pod to show reactions of passen- 
gers to the unusual environment of a supersonic cabin. First 
flights of full-scale transports would then begin sometime in 
1963. NASA will use a B-58 this year to evaluate the craft's 
handling characteristics in simulated commercial use. 


“ Adoption, world-wide, is logical and necessary... 
in terms of simplification it stands alone ,.. cost 
of conversion could ruin many U. S. firms ... it’s 


’ 


Continues: 


Detroit — Fifty years ago, conver- 
sion to the metric system in the 
U. S. would not have been too 
frightening. The idea was reject- 
ed, however, and the great debate 
has rumbled on ever since. 

Today, no revolution of any con- 
sequence is being pushed by metric 
enthusiasts. They favor instead a 
program of orderly evolution. To 
the opponents, however, even this 
is unsettling, as was illustrated at 
the recent SAE Exposition in De- 
troit. A series of distinguished 
speakers came out either for or 
against (or remained on the fence) 
regarding adoption of the metric 
system in this country. 


Grass-Roots Approach 


Prof. Carl Kayan of Columbia 
University’s Mechanical Engineer- 
ing Dept. urges that we begin im- 
mediately to prepare and condition 
the public for changes in our unit- 
systems, even though the change 
might not involve complete conver- 
sion to the metric system. Deci- 
malization could be the first step. 
It would not only lay the neces- 
sary groundwork for ultimate adop- 
tion of the metric system, but 


doing a good job in the lab; leave it there.’ 


would make everyday life a lot 
simpler. Teaching decimals from 
the early grades on would be a nat- 
ural step in the U. S., Prof. Kayan 
explained, “since we have a prac- 
tical penny-dime-dollar philosophy 
entrenched in children even of pre- 
school age.” 


Which Metric System? 


Professor Kayan also points out 
that technologists may have diffi- 
culty coming to terms, when and 
if the metric system is adopted. 

Pure science has long been ac- 
customed, internationally, to deal- 
ing with one specific metric system 
— the cgs (centimeter, gram, 
second) system, based on the ab- 
solute philosophy. People in ap- 
plied science-engineering, however, 
have been content with the gravi- 
tational system. This uses, as one 
of its basic units, kilogram-force in 
the metric and pound-force in the 
English operation. In an effort to 
avoid confusion between the kilo- 
gram-mass of the absolute system 
and the kilogram-force of the grav- 
itational system, Germany has in- 
troduced a special term to replace 
the kilogram force, the kilopond; it 


is the legal unit there. This repre- 
sents one of the controversies with- 
in the metric empire. 


Growth of MKSA 


According to Professor Kayan, 
one of the outstanding unit-systems 
now growing rapidly in importance 
throughout the world is the mksa 
system (meter, kilogram, second, 
ampere). In the world of mksa, 
energy, whether in mechanical or 
thermal form, is specified in the 
same terms, namely in joules or in 
watt-seconds. Energy-rate thus fol- 
lows as watt (joule per second), or 
as decimal multiples thereof, such 
as kilowatt or megawatt. Thus, 
for a thermal machine doing work, 
there is a direct comparison (in 
terms of energy-flow rate or power) 
of kilowatt output vs. kilowatt in- 
put, representing thermal efficiency. 
The unit horsepower is not used. 
Sweden, Switzerland, Japan, Nor- 
way, USSR, and China use mksa. 


Go-Metric . . . and Broke 


Many members of the automo- 
bile and machine tool industry are 
strong opponents to conversion. A 
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high Ford engineering official has 
stated that his company “could dis- 
sipate something between 1/6 and 
1/5 of the total value of the com- 
pany in the conversion, and we 
would have accomplished nothing 
at the end of it.” 

An official of Brown and Sharpe 
estimates the cost of conversion “to 
be of a size which could well force 
that company out of business.” 

Roy P. Trowbridge, a member of 
the engineering staff at General 
Motors’ Technical Center, told SAE 
members that design and manufac- 
turing engineering managers with- 
in GM were of the opinion that 
the cost of going to the metric sys- 
tem is not justifiable. 


Conversion by Handbook 


According to Mr. Trowbridge, “it 
has been stated that the metric 
system offers greater simplicity. 
This is true. However, the main 
simplification is that of decimaliza- 
tion, and this can be employed in 
the English and U. S. systems, par- 
ticularly in machine design and 
manufacturing, equally as well as 
in the metric system. 

“It (the metric system) does 
nothing about the odd method by 
which we count seconds of time or 
degrees of arc; it provides no sim- 
plification with regard to basic 
physical constants such as gravita- 
tional acceleration, barometric ‘pres- 
sure, latent heat of steam, etc.’. . . 
The great majority of engineering 
and manufacturing technologists 
very seldom run across complicated 
problems of conversion. When 
they do, their problems are solved 
by reference to conversion tables in 
readily available handbooks. 


Peaceful Coexistence? 


“The motivations for going met- 
ric are quite obviously insufficient 
to justify conversion of our entire 
economy. Those segments of sci- 
ence, engineering and _ industry 
which can see commercial or other 
advantage in going to the metric 
system should do so by all means. 
However, it should not be neces- 
sary for those who do convert to 
feel that they must crusade for con- 
verting others upon whom conver- 
sion would place a serious handi- 
cap. The two measurement sys- 
tems have co-existed for many years 
and they will probably continue to 
do so for many years to come.” 
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This is a size comparison between the 10” POST Versalog 


and its 5" replica, the POST Pocket Versalog. 


The trend to 
“COMPACT” slide rules 


Why a small slide rule? 


Users of America’s best-selling Post 
Versalog, in the regulation 10” desk 
size, have been known to covet a 
5” Post Pocket Versalog, and even 
buy one. . . as a more easily carried 
convenience .. . a8 a spare... or 
just for the sheer joy of having, like 
a gun collector, a ‘matched pair.” 
It took more than requests from 
pleased users of the 10” Versalog to 
convince our marketing people that 
the need actually existed for a pre- 
mium-priced 5” pocket rule with 23 
scales. Our technical men were even 
harder to convince that high Versa- 
log standards of accuracy could be 
maintained in miniature. 


Who can use them? 

That there is a need has since been 
proved by the thousands of engi- 
neers, architects, scientists, and stu- 
dents who have bought and used a 
Post Pocket Versalog in preference 
not only to the larger version, but 


after comparing it with other smaller 
makes. 

As to accuracy, we are still amazed 
at the exquisite job our production 
team has done in miniaturization— 
the 5” Pocket Versalog includes 
every one of the 23 scales found on 
its much larger counterpart and, in 
addition, bears engine-divided cali- 
brations of such sharpness and 
clarity that no magnifier is needed. 


Own a Versalog for less 


To further popularize this fine in- 
strument, Post dealers are offering 
it at a special low price for a limited 
time. All models come with a hand- 
crafted leather case and spring pock- 
et clip. Also available with hard- 
bound instruction text. 

For further information, ask your 
Post dealer. Or, for free literature, 
price data and name of nearest 
dealer, write to Frederick Post Com- 
pany, 3652 North Avondale Avenue, 
Chicago 18, Illinois. 


SENSITIZED PAPERS & CLOTHS @ TRACING & DRAWING MEDIUMS @ DRAWING INSTRUMENTS & SLIDE RULES 
ENGINEERING EQUIPMENT & DRAFTING SUPPLIES © FIELD EQUIPMENT & DRAFTING FURNITURE 
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NEW 


GIAN 


AT WORK 
on 
Double Diamond 
Gears 


ATON 


GEARS FOR AUTOMOTIVE, FARM EQUIPMENT AND GENERAL INDUSTRIAL APPLICATIONS 
GEAR-MAKERS TO LEADING MANUFACTURERS 


@. 





This huge, continuous, carburizing, 
hardening and draw furnace now 
permits even greater instrument 
control in heat treating DOUBLE 
DIAMONDS for maximum wear 
resistance and load-carrying ca- 
pacity. So far as we can discover no 
more efficient furnace could be 
installed to achieve the quality 
characteristics our gear Customers 


have come to expect. 
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At your request, our gear engineers 
would be pleased to describe this 
process in greater detail and to ex- 
plain, as well, what our recently 
expanded facilities can mean in 
terms of this pledge: “DOUBLE 
DIAMOND Gears offer the ad- 
vantages of lower installed cost and 
economical and dependable service 
on the job... gears that do credit 


to your product and reputation.” 


AUTOMOTIVE GEAR DIVISION 
MANUFACTURING COMPANY 


RICHMOND, INDIANA 





Reader 
Information Service 
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Editorial and Advertising content classified by subject and listed by page num- 


ber for convenience when studying specific design problems. 


For further 


information on subjects advertised, refer to advertisement and circle Item Num- 


ber on a Yellow Card—following page. 





Accelerometers, Edit. 185 
Actuators, Edit. 178 

Alloys, high-temperature, Adv. 171 
Atomic energy, Edit. 24 

Axles, Adv. 75 


Balls, Edit. 156 


Bearings, 
ball, Adv. 11 
miniature, Adv. 161 
needle, Adv. 69, 76 
rod-end, Adv. 191 
roller, Adv. 33, 68, 69, 76 
sleeve, Edit. 139; Adv. inside front cover 
thrust, Edit. 129; Adv. 13 
Bellows, Adv. 88 
Belts, transmission, Adv. 40, 41 
Beryllium and alloys, Adv. 88 
Blowers, Adv. 138 
Bolted joints, Edit. 135 
Books, Edit. 186 
Brakes, Edit. 163 
Brass (see Copper and alloys) 
Bronze (see Copper and alloys) 


Bushings, Adv. 199 
ball, Adv. 163 


Cams, systems, Edit. 102 
Caps, Edit. 150; Adv. 38, 192 
Casters, Adv. 190 
Castings, 
die, Adv. 87 
investment, Adv. 63 
malleable iron, Adv. 72, 73 


Chain, transmission, Adv. 37 
Circuit breakers, Adv. 67 
Clutches, Adv. 78, 138, 141, 178 
Coatings, protective, Edit. 165, 172 
Control panels, Edit. 108 
Control systems, 

electric, Adv. 156 

hydraulic, Adv. 7 
Controls, 

electric, Edit. 115; Adv. 165 


mechanical, Edit. 124, 128; Adv. 168 
Copper and alloys, Adv. 43 
Counters, Edit. 148 
Couplings, shaft, Edit. 178; Adv. 183, 185 
Cylinde: 
hydraulic, Adv. 137, 144, 147, 169, 196, 
inside back cover 
pneumatic, Adv. 137, 147, 
cover 


inside back 


Drafting equipment, Edit. 179, 183, 184; 
Adv. 15, 179, 187, 191, 192, 194 

Drafting techniques, Edit. 95 

Drives, adjustable speed, Edit. 34; Adv. 48, 
49, 57, 85, 166, 195 


Electric equipment (see specific type) 

Electronic equipment, Edit. 150, 
Adv. 21 

Enclosures, Adv. 159 

Engineering department (see Management 

or Drafting) 

Engines, Adv. 46, 47 


172; 


Facilities, general, Adv. 184 
Fans, Adv. 193 
Fasteners, 

bolts, studs, screws, Edit. 152, 154; Adv 

5, 157, 195 

insert, Adv. 151, 152 

nuts, Adv. 71, 157 

pin, Adv. 191 

quick operating, Adv. 58, 7! 

retaining rings, Adv. 65, 86 

rivet, Adv. 52 
Felt, Adv. 194 
Fiber, Edit. 162; Adv. 80 
Filters, Edit. 148, 176 
Finishes (see Coatings) 
Forgings, Adv. 140, 149 


Friction materials, Adv. 154 


Gages, (see also Instruments) 
pressure, Adv. 189 

Gaskets, Adv. 77 

Gears, Edit. 148; Adv. 16, 176, 193 


Heat transfer, Edit. 13] 

Heaters, Edit. 151; Adv. 9, 158 

Hose, metallic, Adv. 5 

Hydraulic equipment (see specific type) 


Index tables, Adv. 
Instruments, Adv. 


Jacks, worm gear, ! 


Latches, Adv. 64 

Locks, Adv. 188 

Lubricants, Edit. 140 
Lubrication equipment, Adv. 31 


Magnesium and alloys, Edit. 23 
Materials handling equipment, Edit. 28, 
122, 126, 128; Adv. 167 
Meetings, Edit. 38 
Metals (see specific type) 
Motors (electric) 
fractional and integral hp, Edit. 168; 
Adv. 44, 45, 146, 175, 181, 200 
gearmotors, Edit. 162, 170 
subfractional hp, Edit. 148, 156; Adv. 45 
synchronous, Edit. 168 


Motors, 
hydraulic, Adv. 155 
torque, Adv. 177 


Oscillographic recorders, Adv. 143 


MACHINE DESIGN is indexed in the Applied Science & Technology Index and the Engineering Index, available in libraries, generally 
Microfilm copies are available from University Microfilms, 313 N. First St., Ann Arbor, Mich. 


February 2, 1961 





SUBJECT INDEX (continued) 





Sita USE A YELLOW CARD 


Pasbocated metals, Adv. 50 for More Information... 
Pistons, Adv. 150 
Plasites, Edit. 164, 177; Adv. 38, 53, 54, 

seo, 6 61, 80, 150 

aminates, Adv. 61 CIRCLE ITEM NUMBERS—Throughout the magazine, each advertise- 


molding, Adv. 53, 54 
Pneumatic equipment (see specific type) ment carries an Item Number for use in requesting further information. 


Powder metallurgy, Adv. inside front cover All product descriptions, announcements and Helpful Literature items are 
2 rm soe 

Printed circuits, Edit. 153, 180 also numbered, and for greater convenience are indexed below by Item 
Professional-engineer exam, Edit, 90 
Pulleys (see Sheaves) 


Pumps, rae 
~~ Edit. 166, 188; Adv. 82, 155 EDITORIAL CLIPSHEETS—So you won't have to “clip” this issue, 


Bh ng = 190 we'll be glad to send a personal copy of any article as long as the 
supply lasts. Just fill in the page number and title of article in the 


Numbers. 


place provided on the Yellow Card. 





Recorders, Edit. 96, 183; Adv. 143 
Reducers, speed, Edit. 165 

Regulators, flow, Edit. 165, Adv. 70 i 

= con ethene ea Index to New Parts & Helpful Literature 
Resistors, Edit. 175; Adv. 81 BY ITEM NUMBERS 

Rheostats, Adv. 81 

Rotary joints, Edit. 189; Adv. 195 





HELPFUL LITERATURE—<descristions stort on poge 14? 


ITEM ITEM 
NUMBER NUMBER 
. 601 Force Transducer . 615 


) " , } 616 
Choftc Edj+ Q0- _ or Industrial Pumps - 602 Liquid-Level Sensors - 
Shafts, Edit. 99; Adv. fo 603 Control Pilot Devices -» G17 


flexible, Adv. 192 Reset Timer Cont 
Sh: eA 9 Flow Indicators, Alarms . 604 Timing-Belt Drives . 618 
Shapes, special, Adv. 162 Voltage Regulators 605 Silicon-Power Rectifiers 619 
Sheaves, Edit. 98; Adv, 196 Air Compressors 606 Miniature Plugs . 620 
Springs, Edit. 141; Adv. 158, 177 Motor Pump Bolts and Screws vs wk - 
Stampings, Adv. 42, 153 Bronze Bearings 608 Reproduction Materials ; . 622 
S . Ad ‘ Wire Products 609 Pine Wie ...062... ; .. 623 
starts rs, motor, Adv. 83, 170 Molding Compound : High-Heat Paint ‘ .. 624 
Steel, Adv. 2 : Variable Inductor Coils . 611 Ball Valve .... : . 625 

surface hardening, Edit. 110 Nylon Tureaded Fasteners o» ME Panel Fastener .. 626 
Switches, Edit. 158, 160, 167; Adv. 35 Motor Selection Guide Adhesive-Bonding Films . . 627 


Systems, pneumatic, Edit. 138: Adv. 160 Fractional-Horsepower Motors Miniature Bearings 628 
S, x : ° ; 


Seals, Edit. 189; Adv. 31, 33, 172, back 


cover Photoelectric Control Unit 


NEW PARTS & ENGINEERING EQUIPMENT —descriptions start on page 148 


Tachometers, Edit. 184 ITEM ITEM 
Terminals, Edit. 164 NUMBER NUMBER 
Thermometers, Edit. 97, 180 seiniarcs Witter Aasenitiby .. 629 Speed Reducers .. 656 


Chermostats, Edit. 160; Adv. 5 Small Motor ....... .. 630 Silicone Varnish . -+ 657 


Timers, Adv. 145 Precision Counters . 631 Leakage Limit Gage ... 658 
. 632 Centrifugal Motorpump . 659 


Transducers, Edi 5. 179 Cut Nylon Gears 
T non : pole hi as Plastic Protectors ..... . 633 Inline Air Valves .. 660 
iransmissions, adjustable speed, Edit. 3 Cadmium-Sulfide Photocell . 634 Pushbutton Switch . 661 


Trucks, Edit. 30, 126 Ceramic Heaters .....- .. 635 Synchronous Motor 
Tubing, Adv. 36, 55, 84 Recentering Mechanism . 636 Radial Air-Gap Motor . 663 
Internal Wrenching Bolts .. 637 Closed-Cell Sponge : 664 
Molding Compound 635 Gear Motors en 
Printed Circuit 639 Hydraulic Relief Valves 666 
Plated Fasteners .... Rust Preventive 
° — > Miniature Check Valve 641 Low-Impedance Diode .. 668 
Universal joints, Edit. 188 , 2 : 
Teflon Balls es . 642 Trimmer Resistors . 669 
Miniature Motors Position Transducer . 670 
Lid Support 644 Filter Element . 671 
Flow Switch Compact Nozzle ... a ~« C2 
Door Interlocks ere 646 Thermoplastic Resin .. 673 
Valves High-Temperature Thermostat Bow Compass .. . 674 
hydraulic, Edit. 154, 163, 170: Adv. 7( Safety Switch ; Pressure Transducers eee 675 
: Organic Fiber Temperature Indicator .. 676 
pneumatic, Edit. 167; Adv. |, 180, 193. Gear Motor ; Printed-Circuit Kit .... .. 677 
94 3rake-Clutch Components Drawing-Board Surface ... os ae 
Small Valves .. a y Magnetic Tape Recorder . 679 
Flexible Plastic K Beam Compass Holder . ; . 680 
Molding Materia! Photoelectric Tachometer . . 681 
Terminals Piezoelectric Accelerometer 








Washers, Adv. 79, 184 
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Circle item number for information on products 
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New, tri-dimensional packaging and interconnecting of modern 
electronic functions. 


Here is simplicity from start to finish . . . the most complicated 

designs worked out on AMP-MECA’s graph layout sheets in hours 

rather than days or weeks . . . finished modular construction that’s 

YO | f~ OY" “building-block” easy . . . extreme reliability and complete resist- 
i WV ance to shock and vibration. 


ie Electronic functions are encapsulated for com- 
plete throw away or functions are assembled in 
open base cells for individual component re- 
placement. Easily replaced, pluggable AMP-Cells work independ- 
ently of or in harness with each other when programmed into AMP’s 


3-D circuit boards. 


Mi F C A Available in 0.1” or 0.2” grid systems, AMP-MECA offers tri-dimen- 


sional flexibility—cells can be made larger or smaller—stacked, 
spread or lined-up in unlimited scope to accommodate your design 
needs. And production can be set up to fit your goals . . . by hand, 
or by programmed automation. 


Learn how AMP-MECA can make it simple for you. Send for the 
full story on simplified interconnection of circuit functions and 
information on prototype assembly kits. 


a er, EE oe 
: iJ TED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and eng ing tance are lable through subsidiary companies in: Australia « Canada e England-« France « Holland e Italy « Japan « West Germany 
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engineering news—on the radio 


Marquardt Corp., one of the prime contractors in the aerospace industry, 
is now broadcasting its “Engineering Report” daily over radio station WRC 
(Washington). Technical news and interviews with leading engineers and 
scientists are both included. Designed to keep engineers, scientists, and 
students in the area up to date, the program also acquaints the public with 
the scope and importance of modern technology. Washington is the third 
city to hear “Engineering Report.” Ogden, Utah, and Los Angeles pioneered 
the new service. 


gas turbines get a chain drive 


Gas turbines in the 30 to 1800-hp range can now transmit power by chain 
drives. The chain, applicable to main or auxiliary powerplants, can be used 
to couple parallel high-speed shafts because it incorporates compensating 
links that fully eliminate chordal action. Developed by Morse Chain Co., 
the chain fills the gap between low-speed roller chain (not usable with gas 
turbines) and high-speed gearing. 


electroluminescence—key to optical computers 


Electroluminescent panels may be the key to further advances in computers, 
report Battelle Memorial Institute physicists Milton R. Seiler and Charles 
S. Peet. They could lead to design of computers that operate by optical 
instead of electrical couplings. An optical logic system would have the ad- 
vantage of providing electrical isolation for read-in, storage, and read-out 
systems. Electroluminescent panels might also be used for information 
storage. Data could be held within a panel for several minutes and changed 
at microsecond switching intervals. 


center for small computer jobs 


Companies the size of the corner grocery store can now take advantage of 
electronic data processing methods. A new computer service, started in 
New York by National Cash Register Co., will help small firms boost effi- 
ciency by providing them with detailed pictures of their operations. Designed 
to handle jobs that are too limited for existing data-processing bureaus, 
centers will be set up in other cities in the near future. Any company 
equipped with an NCR adding machine and a punched-paper tape recorder 
will be able to use the new computer service. 
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more magnesium on the ‘64 cars? 


Look for volume usage of magnesium on automotive-transmission parts within 
the next three years, says Robert Pittsley, Dow Chemical Co. “Magnesium’s 
light weight and favorable economics will become major factors in the auto 
industry’s future planning.” More magnesium die castings in automotive 
engines and structural interior components are also expected to result. To 
speed things up, Dow is offering auto people three services: 1. Information 
on basic factors in the long-range economics of magnesium die-casting alloys. 
2. Technical assistance on cost evaluations, design, and prototype testing of 
parts. 3. The latest know-how on techniques and processes. 


needed—vacuum cleaner that works in a vacuum 


About five million tons of dust fall on the earth each year; housewives, rain, 
wind, and waves keep it from showing. But, according to Dr. Roy G, Bre- 
reton, Aerojet-General Corp., man must design some new way to cope with 
the several-inch layer of “stardust” that has accumulated on the moon. A 
spaceship’s engines could kick it up into a total-blackout dust storm; this 
might gum up the ship and equipment and present very treacherous footing. 


three-by-five library 


Newest hope in the battle against information-retrieval breakdowns is a 
microimage production system now being developed by Bell & Howell Co. 
The project involves design and development of equipment that will almost 
instantaneously reproduce page images on standard library-size cards. Library 
materials would become more accessible because literature searchers would 
be furnished permanent copies (cards) for immediate reading or future 
reference. Original reference materials would never leave the library. 


work: the forgotten word 


Competition, hard work, and long hours seem to be unpopular job char- 
acteristics—at least they’re seldom mentioned in 135 recruiting brochures 
passed out to University of Michigan students. “You could read them all 
and never get an inkling that companies expect a good day’s work,” com- 
ments Dr. G. S. Odiorne, director of U-M’s Bureau of Industrial Relations. 
“Despite emphasis on opportunities . . . there is little mention that people 
should expect to shoulder heavy responsibility as the price for success.” 
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Prefabricated reactors will soon go to work 


at boih ends of the earth to supply 


F OSSIL-FUEL shortages, a chronic problem for sci- 

entists gathering data in the frozen wastelands 
of the world, have been licked by atomic power. 
Portable nuclear powerplants (portable because they 
can be dismantled in days and air-lifted to another 
location) are scheduled to take over energy-production 
chores. Two such plants are nearly ready: PM-2A 
(designed by Alco Products Inc., Schenectady) is now 
“critical” at Camp Century, Greenland; PM-3A (de- 
signed by Nuclear Div., Martin Co., Baltimore) will 
arrive at Antarctica’s McMurdo Sound this year. 

Heat from these reactors will keep powerplant build- 
ings warm, melt snow for water supplies, and generate 
electricity for radio communications, heating, lighting, 
and even cooking. 

The Armed Forces estimate that transportation of 
conventional fuels represents 70-80 per cent of the 
supply effort for arctic installations. At sites supported 


Air-blast coolers 
Heat exchanger 
. Condenser 


. Turbine genera- 
tor 


Switch gear 
Control center 
Laboratory 

. Reactor 

. Hot-waste tank 

. Feedwater 


by parachute drops, delivered cost of diesel fuel can 
exceed $2.50 per gal. 

The Camp Century reactor will operate for an en- 
tire year on a single loading of nuclear fuel (shipped 
in eleven steel drums with an equivalent 55-gal ca- 
pacity). A conventional powerplant of the same out- 
put would require 850,000 gal of diesel oil. Studies 
indicate that the fuel savings alone will pay for the 
initial cost of the nuclear plant in a few years, and 
that millions of dollars will be saved during the re- 
actor’s life. 

Second argument for nuclear power hinges around 
safety. Oil-fired cookers and heaters have always been 
a special threat where subzero temperatures make 
normal fire-fighting procedures impossible and where 
the loss of a shelter can mean quick death. 


Assembly in the Summer 


Portability is one of the primary requirements for 
remote-area powerplants. Labor and_ transportation 
costs greatly exceed those in the U. S., and construc- 
tion is hampered by short summers. 

Portable nuclear powerplants are designed for ship- 
ment in aircraft. Skid-mounted modules meet size and 
weight limitations of the standard military cargo planes 
(C-130 class or larger). Maximum weight of a single 
loaded skid is 15 tons; maximum size is 28 ft long by 
9 ft high by 8 ft, 7 in. wide. 

Extensive effort has gone into development of the 


Designed to house a reactor, this modern igloo was dug 
out of a Greenland ice cap. After special plows com- 
pleted the trench, corrugated-steel roofing closed it in. To 
complete the job, snow was pushed over the roof. When 
the reactor operates, cold air is circulated in the tunnel to 
keep the walls and floor from melting. 
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Pressurized-water reactors were 
picked for polar service because 
they are the most advanced nuclear 
powerplants available. While sev- 
eral other types show promise, de- 
sign data are still too scanty. In the 
PWR, the moderator, pressurized hot 
water, is heated by the chain re- 
action in a _ closed-loop system. 
Pumped through a heat exchanger, 
the water produces steam that 
drives a turbine. Army designa- 
tions for the polar reactors (PM-2A, 
PM-3A) tips off their portability (P), 
medium-power range (M), and pur- 
pose (A—to operate as on-line pow- 
er generators, rather than as proto- 
types for later models). 


modular, prepackaged, and pretested subsections that 
hook together with quick-connect cables and flanged- 
pipe joints. The Alco version, transported in 27 pack- 
ages, was installed in snow tunnels in six weeks. Two 
years would be the normal construction time for the 
same size nonportable plant in the U. S. The Martin 
plant, to be shipped in 18 modules, will be installed 
within 60 days of delivery. 

Design for air shipment presents more than just 
package-size headaches. Centers of gravity must be 
carefully located, and resistance to g loadings must be 
high. For transport in the C-130A aircraft, limit-load- 
ing requirements are 3 g fore and aft, vertical and 
downward; 1!/, g laterally. 


All-::nportant Reliability 


Operated far from civilization, the reactors must 
furnish continuous power. Reliable equipment is essen- 
tial to life in the polar regions. Strict design criteria 
govern allowable down time, refueling time, core life, 


Control rods 


losed-loop system 
(primary loop) 


(Cass Steam to turbine 
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Water input 


Heatexchanger 


Camp Century 

Designation PM-2A 
Designer Alco 
Gross Output (megawatts) 10 
Net Output: Heat (10° Btu/hr) 10 

Electric (kw) 1560 
Primary-loop pressure (psia) 1750 
Primary-loop temperature (F) 518 


etc. In addition, the plants have diesel emergency-power 
systems to provide heat and power during maintenance 
periods (not to exceed 21 days per year). 

Failure-prone parts are built into the plant in dupli- 
cate, providing ready-to-go spares. Parts that are not 
duplicated are designed so they can be replaced quickly 
with special-purpose tools. 

Waste heat produced by the nuclear powerplants 
must be rejected to the atmosphere—there’s not enough 
cooling water available at the sites. Ambient tempera- 
tures are so low that freeze-up problems can result. 

The Greenland plant incorporates a two-stage heat- 
rejection system. A solution of ethylene glycol in water 
acts as an intermediate condensing fluid; final cooling 
takes place in glycol-to-air heat exchanger. 

Not all cold-weather problems have to do with freeze 
ups, however. The Greenland reactor is housed un- 
derground in snow trenches that are roofed with cor- 
rugated steel. Cold air must be constantly circulated 
in these trenches to keep heat from melting the walls. 


Heat-exchange equipment, mounted on 
this skid, will reheat water from the 
condenser of Alco’s Camp-Century re- 
actor. Twenty-seven = skid-mounted 
modules makeup the Greenland sys- 
tem; the McMurdo Sound equipment 
will be shipped in 18 packages. To 
demonstrate the portability concept, 
Martin Co. loaded one of the 15-ton 
test packages into this C-130A aircraft 
last year. 
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An estimated 300 parts 
in the various ‘61 cars 
are made of plastic. 
Selection above, made 
of Dow Chemical's Sty- 
ron 440 (high-impact 
polystyrene) is typical of 
the functional and dec- 
orative applications now 
in use. One-piece, snap- 
in automobile ceiling 
(right) is being used by 
American Motors. The 
headliner is molded of 
Fiberglas fabric (Owens- 
Corning) laminated to 
glass-fiber _ insulation. 
According to AM, the 
top cuts road noises by 
30 per cent, provides 
excellent thermal insula- 
tion, and gives 12 in. 
additional headroom. 


Plastics Gain in 


Variety, Size of Parts 


Two problems continually facing auto- 

motive engineers—the need for reducing 
vehicle weight and for further automation 
in production—may soon be solved by plas- 
tics. This was the opinion of a group of en- 
gineers speaking before the SAE Internation- 
al Congress and Exposition in Detroit. 

R. T. Stevens, I. J. Gusman, and I. B. 
Cohen of J. P. Stevens & Co., New York, 
pointed out that although the auto industry 
has been a recognized leader on the road to 
mechanization, it has been partially stymied 
in one particular area. The recurrent de- 
mands of styling obsolescence have prevented 
any major breakthrough in reducing the 
amount of hand labor in body assembly. 

They predict that the problem will be 
short lived, however, and that large one- 
piece moldings of high-strength, low-density 
plastic will be the answer. 

As part of what Messrs. Stevens, Gusman, 
and Cohen term functional integration, 
simplified monocoque or shell-type construc- 
tions will be made with little or no separate 
framing. Strength and rigidity will be 
molded in, not added as extra framing, stiff- 
eners, or gussets. The automobile roof and 
headliner will be one piece, interior trim and 
styling will be part of the body shell. The 
trunk, gas tank, and spare-tire well con- 
ceivably can be produced as a single moid- 
ing. The floor pan can be combined with 
the covering material, and the instrument 
panel, fire wall, and plenum chamber will 
also be molded as one piece. Where acous- 
tical and thermal insulation is needed, 
polyether-base urethane foams will be 
sprayed onto the plastic shell and become 


Bits and Pieces ... 


Introduction of plastics to the auto- * | 


mobile industry has involved small 
parts and piecemeal substitutions . . . 
a sort of familiarization course for the 
engineers involved. Heating and _air- 
conditioning ducts, instrument clusters, 
convertible tops (Ford’s first T-Birds), 
and the snap-in headliner used in ’61 
American Motors cars are typical ap- 
plication examples. During this get-ac- 
quainted period, there has been strong 
adherence to the design techniques, en- 
gineering principles, and manufacturing 
methods used in making metal parts. 
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the Auto Race 


Are Increasing Rapidly 


an integral part of it. Doors will be of 
sandwich construction, with decorative plas- 
tic facings, honeycomb in between. 

The effects of reinforced plastics on tool- 
ing costs and tooling flexibility in body 
manufacturing are exceedingly attractive. Ex- 
pensive hard-faced dies, massive presses, and 
high forming pressures are not required. 

Continually researching new modes of 
transportation, the auto industry is now 
studying ground-effect machines, uniwheel 
vehicles, amphibian and triphibian cars. 
More than likely, the shapes of the future 
will require high-strength, light-weight ma- 
terials suitable for constructing shell-like 
frameless structures, This is particularly 
true of proposed multipurpose vehicles, 
which will face unusually severe weather, 
corrosion, and surface-durability problems. 

Although present plastics seem able to 
solve most of the future problems, by the 
time the exotic vehicles become a reality, 
further advances will be made in plastics 
technology. A forerunner of future high- 
performance reinforced plastic materials is 
already on its way from the research labora- 
tory, according to Messrs. Stevens, Gusman, 
and Cohen. The material is a high-modulus 
glass fiber containing 8 per cent beryllium 
oxide. The new formulation results in glass mented 3Ve-ten twocke 
fibers having 50 per cent higher modulus of (above) makes the vehi- 
elasticity than do the present fibers used in cle virtually unsinkable. 
reinforcing. When the beryllium-oxide glass Truck is under develop- 
is imbedded in the plastic matrices, it pro- ment at Reo Div., White 


Foam-filled cargo bed 
in one of Army's experi- 


vides impressive improvements in rigidity, 
without sacrificing strength. Along with the 
new material, significant improvements in 
glass-fiber forming techniques are expected. 


. . « Paved the Way 


According to Messrs. Stevens, Gus- 
man, and Cohen, body engineers are 
only now beginning to exploit the full 
advantages of reinforced plastics. Truck 
cabs produced by Heil, Brockway, and 
White are dramatic examples of the ad- 
vancing state of the art. The truckers’ 
incentive may well have come from the 
opposite end of the vehicle spectrum: A 
bright, shiny 1954 Chevrolet Corvette, 
on display at the SAE Exposition, 
showed no body deterioration although 
it had logged 150,000 miles under all 
types of weather and road conditions. 
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Motor Co. Another, sim- 
ilar vehicle being tested 
by the Army also uses 
foam for flotation. Fabri- 
cated almost entirely of 
aluminum - honeycomb 
sandwich, it will swim 
with 5 tons of payload 
Station wagon (left) is 
also a panel truck and 
pickup truck, depending 
on which of three inter- 
changeable plastic tops 
is used. Owens-Corning 
thinks the concept is 
feasible, largely be- 
cause of low tooling 
costs for glass-fiber re- 
inforced plastics 





This Snowblast can pick up snow—whether freshly fallen, 
packed down, or slushy—and toss it across a four-lane 
highway. Helical blades, rotating at a surface speed of 
up to 50 fpm, provide plowing rates up to 30 mph. The 
blades shear snow from the mass to be removed, accelerate 
it in a nonturbulent flow to a large impeller housing 
opening; impeller blades accelerate it further so that it 
is discharged at speeds up to 103 fps. Builder of this 
“two-stage snow pump” is American Snowblast Coro. 


ENGINEERING NEWS 


PICTURE REPORT 


, 


Radar for small boats features an_ illuminated 
azimuth ring encircling the scope, for visibility 
at night. Radar 5B, developed by Sperry Pied- 
mont Co., Charlottesville, Va., has one-mile and 
five-mile range scales. It weighs only 40 lb and 
operates from either 12 or 32-v battery power sup- 
plies. The system’s antenna unit contains both 
transmitter and receiver. 


The recently launched Blue Scout I, a three-stage, 
solid-propellant rocket, carried instruments to meas- 
ure eight different types of environmental condi- 
tions in space. Built by the Aeronutronic Div. of 
Ford Motor Co., this Blue Scout is the first guided 
version to be launched in a new Air Force program. 


wr 


A multi-handed construction worker such as this “space tug” may assemble 
space stations in orbit. Assuming that a man’s mobility and access to tools 
will be limited, the Martin Co. is studying the possibilites of a manned 
capsule, equipped with power tools and remotely controlled manipulators. 
The four-ton tug would contain a computer, autopilot to prevent tumbling, 
reactor motor for maneuvering, and two days’ supplies for the operator. 
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Averaging 120 mph, automobiles and passengers could travel by individual electric motors. Drive package for each roller con- 
safely and efficiently on Roller Roads, says Westinghouse Electric sists of a three-phase induction motor, a torque converter, a brake, 
Corp. The proposed roadway weuld consist of supporting and and a reduction gear. Loading and unloading of automobiles and 
propelling rubber rollers, spaced about 20 ft apart and powered dispatching of carriers would be computer-controlled. 


Carat-size—and larger—diamonds from the 
lab are announced by General Electric Co. 
Although a thousand times bigger than the 
first man-made diamonds (produced by GE 
in 1955), the new industrial gems are not 
yet better. In fact, structural imperfections 
deprive them of sufficient mechanical strength 
for industrial applications. The company 
doesn’t predict when usable diamonds this 
size will be available; however, 1/10-carat 
stones “of excellent industrial quality” have 


been produced. 
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Styling, Suspension Distinguish New Trucks and Wagons 


Lower, longer-wheelbase light-duty vehicles by International 
Harvester feature torsion-bar and |-beam front-end suspen- 
sions, welded box-section and channel-steel frames, and a 
variety of body styles. The Travelette, left, combines a six- 
passenger cab with pickup body; the Travelall station wagon 


carries nine passengers or 124 cu ft of cargo. Both are 
available with four-wheel as well as two-wheel drive. A 
155-hp V-8 engine is standard on all the new C-line ve- 
hicles; also available are a 193-hp V-8 and three valve-in- 
head six-cylinder engines, one with an lpg fuel system. 


Dent Tests Show Light Metals Are Rugged 


[ ENT resistance gives a fair criterion for 
estimating how well thin  sheet-metal 
structures—from lunch boxes to computer 
housings—will stand up under the wear and 
tear of everyday service. To give designers a 
quantitative notion on this “resistance-to-bat- 
tering” property, Dow Metal Products Co. 
(Div. of Dow Chemical) has reported results 
of a series of tests on the dent resistance of 
sheet aluminum and magnesium alloys. For 
comparison, Dow checked samples of mild- 
steel sheet. Two interesting conclusions, based 
on data like that plotted below, were reported by Dow: 
® On an equal-thickness basis, all three metals (mild 
steel, aluminum, and magnesium) exhibited about 
the same resistance to denting. 
@ On an equal-weight basis, the magnesium and alu- 


3003-HI4. ra 


1l-Ib.tup 


Test specimen 


minimum alloys are superior to mild steel. 

In all tests, depth of the dent was taken as 
the difference in elevation from the center of 
the dent to a 3-in, surrounding circle. 

Apparatus used in the tests (sketch, left) 
consisted of a picture-frame arrangement to 
hold the sheet specimen, an 11-lb tup with 
the end machined to a 2-in. diam hemisphere, 
and a pipe through which the tup was dropped 
from various heights. 

Sheet specimens were cut into 18-in. squares 
and placed in the frame. Bolt heads, extend- 
ing along two sides of the frame, pushed the sheet into 
matching grooves on the other half of the frame when 
the assembly was drawn up with C clamps. No slippage 
could be measured when the sheet was struck by the 
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Prosaic Job for a Pulse-Jet Descendent 


Toronto—Staccato-like detonations of fuel gas 
furnish water-heating energy in a new boiler 
developed by Lucas-Rotax Ltd., ‘Toronto, Canada. 
The combustion system, first peace-time design 
successfully adapted from the German V-1 pulse- 
jet engine, fires 70 times each second. Pressure 
waves are set up that open and close valves, 
ignite up-stream slugs of gas, propel combustion 
products toward a vent, and scour the heat- 
exchanger walls. 

Claimed to be smaller and safer than other 
boilers, the unit’s prime advantage is higher 
efficiency (90 per cent or more). Because pres- 
sure waves “clean off” boundary-layer films, the 
heat-transfer coefficient is almost ten times higher 
than in other units. Flue temperatures average 
140 F or less (compared to about 400 F for con- 

Cushion chamber ventional water heaters), and the cold flue causes 
an additional boost in efficiency: Exhaust gases 
are below dew-point temperature. Water vapor, 

Muffler chamber produced by combustion and present in excess air 

flowing through the unit, condenses out of the 
exhaust-gas mixture. For every pound of water 
condensed, 1000 Btu of heat are liberated. 
Noise resulting from pressure waves and det- 
onation of the gas is eliminated by mufflers 
at inlet and outlet ends of the heater. Although 
shock waves ignite those that follow. the unit contains noise mufflers and other kinds 

The unit is exceptionally safe because of unconventional equipment, L-R engineers have 

little fuel is present in the combustion reduced size to half that of contemporary water 
chamber at any time heaters. 


Spark plug 


Water inlet 


Spark plug ignites first slug of gas; 


Quick Check for the Continental 


Detroir — Electrical systems and 
components on the ’61 Lincoln Con- 
tinentals must all pass the “Eager 
test.” Eager, electronic audit gager, 
is a quality-control device developed 
for Ford by Performance Measure- 
ment Co. 
Housed in a 6-ft portable cabinet, 
the instrument checks out cars com- 
ing off the final assembly line. A 
technician, sitting in the car, op- 
erates a remote-control device to 
activate a 35-mm film strip and a 
bank of photocells in the machirie. 
Test instructions are flashed on a 
teleprompter-like screen. A _ light 
beam from the projector passes 
through a dot pattern on the film 
to energize the photocells, inform- 
ing the equipment what test is to be 
run, time delay, voltage range, etc. 
Once the technician selects and 
starts a test, acceptance limits and Up to 339 electrical components on the Continental can be checked by Eager, 
meter readings are projected on the Ford's new quality-control machine. Test cycles can be completed as fast as 
screen for his evaluation. buttons can be pressed and data read. 
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If long bearing life under adverse operating conditions is vital 
to your equipment, call your Shafer-Rex Engineer. In minutes 
he’ll pool with your experience, years of Shafer know-how in 
dealing with every bearing sealing problem—grit and dust, 
liquids, chemicals and misalignment. 

And, with the complete Shafer line available, you'll find it 
easy to select the right Shafer Bearing with just the right seals 
for your application. Shafer Seals were designed to protect 
Shafer Self-Aligning Roller Bearings and were developed after 
years of exhaustive research in Shafer laboratories—have been 
tried and proved in the field. 


FOR MOST CONDITIONS, the Shafer “Z” Seal, the industry’s 
only all-metal, fully self-aligning seal: self-aligning for positive 
sealing despite as much as 3° total shaft deflection; all-metal 
for maximum wear life. 


TO KEEP OUT LiquipDs, the “M7” seal, designed exclusively 
for Shafer, is a contact lip-type seal of synthetic rubber. Self- 
aligning for positive sealing up to 3° total misalignment. 


FOR HIGH SPEEDS, SEVERE VIBRATION, the “K” seal is a 
light contact seal of neoprene/felt-neoprene construction en- 
closed in a metal casing. Self-aligning for positive sealing 
despite 3° misalignment. 


TO GIVE YOUR EQUIPMENT "PLUS” SALES APPEAL, all 
Shafer Seals can be used in any style Shafer Housing, without 
housing modifications. In addition they are the only seals that 
can be easily removed for grease inspection without taking 
the bearing off the shaft. 


FOR ENGINEERING ASSISTANCE On any application prob- 
lem or for complete information on Shafer Self-Aligning Roller 
Bearings and Seals, write: CHAIN Belt Company, 4643 W. 
Greenfield Ave., Milwaukee 1, Wis. In Canada: Rex Chainbelt 

(Canada) Ltd., Toronto and Montreal. : 


SHAFER-REX "Z” SEAL 


OQ 


ER-REX "K’’S 
— _ SHAFER-REX "M” SEAL 


= ‘ 
SELF-ALIGNING 
ROLLER BEARINGS 
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Uncluttered driveline is offered by the 
hydrostatic transmission: Conventional 
gearbox, clutch, driveshaft, and universals 
are replaced by flexible hydraulic lines 
connecting the compact pump and motor 
(cutaway below). 


Hydrostatic Drive Favors 
Vehicle, Designer, Operator 


All-Oil Transmission Now in Production 


Watertown, N. Y.—After long ten- 
ure as a dark horse in the fluid- 
“ > drive field, the hydrostatic trans- 
g ump, var. displ. (4.5cuin./rev.max.) _] cc} i i 
=i Motor, var. displ. (4Scuin./reumax.).] mission may soon see service in a 
apontin Engine Speed(const)=2000rpm | variety of off-road vehicles, One of 
the latest, now in production at 
Watertown Div., New York Air 
Brake Co., claims to be free of the 
problems (including high cost) that 
have held back the acceptance of 
earlier models. 
In its simplest form—installed in 
a fork lift truck, for example—New 
York Air Brake’s Dynapower trans- 
mission consists of a variable-dis- 
placement, axial-piston hydraulic 
pump coupled to the vehicle’s en- 
gine, and a fixed-displacement hy- 
draulic motor which drives directly 
into the differential. Other combi- 
nations of single and dual, fixed and 
variable pumps and motors are fea- 
sible for applications having dif- 
Cope ot Dec. Displ ferent performance requirements. 
1 Operation of the transmission is 
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(performance plot, left). 
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TODAY’S BEST 
SLIDE SWITCH BUY... 


...- for Economy — Style — Convenience — Circuit Versatility 
Write for Stackpole Slide Switch Bulletin 





SCHEMATIC RATINGS 
itt 
ACTION HEE vosinon 1 [J rosmon 2 nspected) 


a= 
J POSITION 3. 3 





TYPE 
NUMBER 








f 


MEDIUM-DUTY TYPES _ :: 


DP-DT 
Spring-Return, No detent 





SP-ST 
Pushbutton, Momentary, No detent 


SP-DT 
Maintained, With detent 








$P-ST 
Maintained, With detent 


DP-DT 
Maintained, With detent 























3-AMPERE TYPES 


SP-DT 
Spring-Return, No detent 





3-POSITION 
Maintained, With detent 





4-POSITION 
Maintained, With detent 


SP-DT 
Spring-Return Plunger, No detent 








DP-DT 
Maintained, With detent 


TP-DT 
Maintained, With detent 
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3-POSITION 
Maintained, With detent 





SP-ST 
Maintained, With detent 


SP-DT 
Maintained, With detent 


STACKPOLE 


Electronic Components Division 
STACKPOLE CARBON COMPANY 
St. Marys, Pennsylvania 
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make better parts 
faster, easier, cheaper... 


FROM TUBING 


A manufacturer of RF connectors 
was machiniag contact fingers from 
Beryllium-copper bar stock on auto- 
matic screw machines. This required 
turning to exact O.D. and drilling 
to specified I. D. Nature of the 
material required constant sharpen- 
ing of cutting tools. 


Parts half done to start 

Then they switched to Uniform 
Beryllium-Copper Tubing, drawn to 
precision I.D. and O.D. specifica- 
tions—and the “parts were half done 
to start.”” Twenty seconds per piece 
were saved in actual fabrication 
time, plus the time formerly re- 
quired for excessive tool mainte- 
nance and machine downtime for 
their replacement. 

The Beryllium-copper tubing, 
costing about 15% less than the bar 
stock, added further economy to 
overall part production. 


It Pays 

Why don’t you cut costs by switch- 
ing to tubing for your precision 
tubular parts? It pays. 

‘ Uniform’s fine, seamless tubing is 
available in many alloys of alumi- 
num, copper, nickel, steel and the 
precious metals. Sizes range from 
.010” to .625” O.D. Wall thicknesses 
down to .001 (.0005 on special 
order). Tolerances down to .00025. 


Write For Catalog 


Ask also about our complete fabri- 
cation service and the advantages 
of having your parts produced “‘at 
the mill” by tubing specialists. 


UNIFORM TUBES, 


ING. COLLEGEVILLE 2, PA. 


HUxley 9-7276 TWX-CGVL 1044 
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simple: A single control determines 
both direction and speed, although 
almost any combination of foot and 
hand controls can be designed into 
the system. 


Full Torque at Idle 

In comparison to other transmis- 
sions, the hydrostatic offers a num- 
ber of important advantages: 
¢ Full torque at low engine speeds, 
even idle. 

e Infinitely variable, stepless speed 
ratios. 

¢ Elimination of service brake us- 
age. 

¢ Fast, smooth response to direc- 
tion changes. 

According to its developer, abil- 
ity of the hydrostatic drive to pro- 
duce full torque at low engine speed 
gives the operator a degree of con- 
trol impossible with any other type 
of transmission. It eliminates the 
tendency for the vehicle to “run 
away with itself’ when the peak- 
torque requirement abruptly disap- 
pears, a tendency inherent in torque 
converters and mechanical trans- 
missions. Similarly, there is less ten- 
dency for the vehicle to become 
mired in sand or soft ground be- 


cause there is no increase in wheel 
speed even if the operator does 
break traction. 

Replacement of the conventional 
drive train by hydraulic lines — 
which can be placed anywhere — 
opens the door to new vehicle-design 
ideas: The engine can be mounted 
at any angle, in any location; frame 
design does not have to include a 
drive tunnel. 

Reversing vehicle direction with 
the hydrostatic transmission illus- 
trates another one of its desirable 
features: Drive-wheel rotation can 
be slowed, stopped, and started in 
the opposite direction with absolute 
smoothness and at any rate of 
change desired. Accomplished auto- 
matically by the transmission, this 
smooth reversal means that no 
abrupt shocks are transmitted to 
the wheels, differential (if the sys- 
tem calls for one), or to the ve- 
hicle’s engine. Even an_inexperi- 
enced operator doesn’t send high 
shock loads racking through the 
vehicle. 

Dynapower transmissions now in 
production have been designed for 
the traction-drive in lift trucks, 
front-end loaders, farm tractors, 
combines, and other similar off- 
road vehicles. 


Gas Turbine Tractor Tests Aptitude for Army 


One of the first military applications of turbine-powered earthmoving and con- 
struction equipment is in a Caterpillar tractor being tested at the U. S. Army 


Engineer Research and Development Laboratories, Fort Belvoir, Va. 


The gas- 


turbine engine, developed by General Motors Corp., has a maximum 206-hp 


rating; the tractor’s original diesel engine was rated at 200 hp. 


Modified to 


accommodate the gas-turbine powerplant, the tractor serves as a testbed. 
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another of the 
invisible extras that 


insure the precision performance 


of LINK-BELT roller chain 


prestressing of multiple-strand chain guarantees 


uniform load distribution 


Unless each strand carries its full share 
of the load, multiple-strand roller chain 
may fail. That’s why Link-Belt’s pre- 
stressing is so vital. Prestressing seats 
and cold-works the chain joint parts 

. . assures equal load distribution 
across the chain, reduced elongation 
in service. 


Prestressing is just one of many in- 
visible extras that contribute to the 
greater strength and endurance of 
Link-Belt roller chain. Others include 
precise heat-treat control, pitch-hole 


LINK-BELT COMPANY: Executive Offices, Pruden- 
tial Plaza, Chicago 1. To Serve Industry There 
Are Link-Belt Plants, Warehouses, District Sales 
Offices and Stock ——. Distributors in All 
Principal Cities. Export Office, New York 7; 
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Quadruple-strand Link-Belt roller chain drives 
are used on this two-speed transmission. High 
speeds on short centers are easily handled. 


LINK 


ROLLER CHAINS AND SPROCKETS 
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preparation, shot-peening and burnish- 
ing of rollers. These features—plus 
painstaking precision and inspection in 
every step of manufacture—assure you 
of chain that can easily cope with to- 
day’s heavy loads and high speeds. 


For engineering assistance in apply- 
ing industry’s preferred roller chain, 
contact your nearest Link-Belt office. 
Look under chains in the yellow pages 
of your local telephone directory. Ask 
for Book 2657. 


Australia, Marrickville (Sydney); Brazil, Sao 
Paulo; Canada, Scarboro (Toronto 13); South 
Africa, Springs. Representatives Throughout 

the World. 15,557 





TRY THIS 

HAMMER 
TEST 

YOURSELF 


4 


Rugged protection with 
rigid acetate plastic protectors 


Try this sometime. Put an S.S. White Quality Line 
rigid acetate cap (free samples available) on a 
threaded part and whack the daylights out of it. You'll 
be surprised when you see how the threaded part 
comes through undamaged! 

Here is the ultimate in protection against impact 
for your quality products. Rugged, positive protection 
against damage, dirt, fluids... during processing, stor- 
age, shipping. 

Investigate, also, our Economy Line of elastic vinyl 
protectors; low cost...easy on, easy off, yet a stay- 
put fit...absolutely non-shredding. 

Remember for only a few pennies you can protect 
vital equipment and your customer’s good will! 


WRITE FOR BULLETIN 


1143 P-5708 and Free Samples AA 
oa i Re, 
it 
i : 2 a» 


cLhhe PLAsTics {°° "., 
DIVISION : 


Dept. 4P, 10 East 40th Street, New York 16, N. Y, 
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Feb. 13-16— 

American Society of Heating, Re- 
frigerating and Air - Conditioning 
Engineers. National Meeting and 
15th International Heating & Air- 
Conditioning Exposition to be held 
at the International Amphitheatre, 
Chicago. Additional information 
can be obtained from exposition 
headquarters, 480 Lexington Ave., 
New York 17, N. Y. 


Feb. 26-March 1— 

First Pacific Electronic Trade 
Show to be held in the Great West- 
ern Exhibit Center, Los Angeles. 
Additional information can be ob- 
tained from PETS headquarters, 
2216 South Hill St., Los Angeles 7, 
Calif. 


March 5-9— 

American Society of Mechanical 
Engineers. Gas Turbine Power 
Conference and Exhibit to be held 
at the Shorcham Hotel, Washing- 
ton, D. C. Co-sponsor is the U. S. 
Dept. of Defense. Further infor- 
mation can be obtained from ASME 
Meetings Dept., 29 W. 39th St., 
New York 18, N. Y. 


March 8-10— 

Instrument Society of America. 
Annual Conference on __Instru- 
mentation for the Iron and Steel 
Industry to be held at the Roose- 
velt Hotel, Pittsburgh. Further in- 
formation can be obtained from 


Richard R. Webster, Jones & 


| Laughlin Steel Corp., Research 


Laboratory, 900 Agnew Ave., Pitts- 
burgh 30, Pa. 


March 11-14— 

Steel Founders’ Society of Amer- 
ica. Annual Meeting to be held at 
the Drake Hotel, Chicago. Further 
information is available from soci- 
ety headquarters, 606 Terminal 
Tower, Cleveland 13, Ohio. 


March 12-16— 

American Society of Mechanical 
Engineers. Aviation Conference to 
be held at the Statler Hilton Hotel, 
Los Angeles. Additional informa- 
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tion is available from ASME Meet- ee ee ee ee SS -& 


ings Dept. 29 W. 39th St., New | v 
ae es a a re Wan 
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York 18, N. Y. 


March 13-17— 

National Association of Corrosion 
Engineers. Annual Conference to 
be held at the Statler Hotel, Buf- 
falo. Additional information can 
be obtained from NACE headquar- 
ters, 1016 M & M Bldg., Houston 
2. ‘Vex. 


March 13-17— 

Society of Automotive Engineers 
Inc. National Automobile and Pro- 
duction Meetings to be held at the 
Sheraton - Cadillac Hotel, Detroit. 
Further information can be ob- 
tained from SAE headquarters, 485 
Lexington Ave., New York 17, N. Y. 


March 16-17— 

American Society of Mechanical 
Engineers. Textile Engineering Con- 
ference to be held at Clemson Col- 
lege, Clemson, S. C. Additional 
information can be obtained from 
ASME Meetings Dept., 29 W. 39th 
St., New York 18, N. Y. 


March 20-23— 
Institute of Radio Engineers. In- 
ternational Convention to be held 
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perforated materials 


Passage or control of air, sound, light or 
fluid . . . decorative concealment... 
component protection... eye catching, 
sales-building beauty—if your product 
requires any or al/ of these features, 
you'll find the design and functional 
versatility you need in the Harrington & 
King line of perforated materials. Just 
four of H & K’s new patterns are illustrated 
here. There are many more contemporary 
and traditional designs, all available in 
steel sheets for shipment from stock. 


And there is also a vast selection of 
additional patterns and open areas which 
can be custom fabricated from existing dies. 
H & K can perforate practically any 
material. May we put our more than 75 years 


e} 


of experience to work for you? 


at the Coliseum and the Waldorf- 
Astoria Hotel, New York. Addi- 
tional information is available from 
IRE, 1 E. 79th St., New York 21, 
i. ¥, 





March 20-24— 

American Society for Metals. 
Thirteenth Western Metal Exposi- 
tion & Congress to be held at the \ < > 
Pan Pacific Auditorium, Los An- | a >  « x a euch ee 
geles. Additional information can ss es 
be obtained from ASM, Metals 
Park, Novelty, Ohio. 


| FIND NEAREST 
Hak AGENT 
nme 
Yellow Pages’ 
Sa 
Listed Under 
“Perforated Metals” 


Send for Catalog 75 and/or Stock List including new patterns 


mw Warrington & ling 
PERFORATING CO. INC. 


CHICAGO - NEW YORK 
Gna sera as es eee EEnED en eEeDeReneD en eneeseseney 


March 21-23— 

American Power Conference to 
be held at the Sherman Hotel, Chi- 
cago. Sponsors are nine engineer- | 
ing societies, including American l 
Society of Mechanical Engineers, 
National Association of Power En- | 
gineers, American Institute of Elec- 
trical Engineers, American Society 

| 
| 
| 





To: Harrington & King Perforating Company., Inc. 
Mail coupon to nearest 


Harrington & King office Please send me: ( GENERAL CATALOG No. 75 
° O STOCK LIST of Perforated Sheets 
Chicago Office & Warehouse 
5670 Fillmore St. NAME 
Chicago 44, Illinois 
* 





TITLE 





of Civil Engineers, and American 

Society of Heating, Refrigeration, 

and Air Conditioning Engineers; 

Illinois Institute of Technology and 
(Please turn to Page 42) 


New York Office & Warehouse 
114 Liberty St., Dept. MD 
New York 6, N. Y. 


COMPANY 





STREET. 











CITY. ZONE. STATE 
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NEWS! ONLY 
V-BELTS BY GOODYEAR 


to give you sets matched in length to pull together 


What's more, Green Seal V-Belts give you- 


True dimensional stability for the life of the belt—built 
in through the use of shrink- and stretch-resistant 3-T 
Process Cord or airplane-type steel cable. 


Mildew-inhibited construction for protection in damp 
operating conditions. 


Widest selection from the most complete V-belt line 
anywhere. 


Ready availability from distributor stocks in every part 
of the country. 


Technical assistance whenever it's needed from a 
qualified expert, the G.I.M.—Goodyear Technical Man. 


For the best buy in V-belts call your Goodyear Distrib- 


utor. Or write Goodyear, Industrial Products Division, 
Akron 16, Ohio. 


¢ 
Lots of good things Za 
come from V4 
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GREEN @ SEAL 
— ARE CODED 10 1/32... 


perfectly for longer, more trouble-free service 


LENGTH-CODING GREEN SEAL V-BELTS TO 1/32”—NOT JUST 
1/10”, LIKE MOST BELTS—takes this ultra-precision machine. Only 
Goodyear has this type equipment, which is set by means of fine 


tolerance steel templates to insure accuracy. Machine readings are 
in the actual code numbers used to eliminate errors. 
Green Seal —T. M. The Goodyear Tire & Rubber Company, Akron, Ohio 
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Why Die Stamped 
Circuits by 


Dytronics? 


EXACT 
CIRCUIT 
DUPLICATION 


... 29,000 or 
9,000,000 units 


One of the major prob- 
lems in printed circuitry 
is exact duplication of the 
circuit pattern from unit 
to unit. The Dytronics die 
stamped process elimi- 
nates this headache by 
utilizing a metal-cutting 
die to delineate the con- 
ductor pattern exactly 
whether 25,000 or 5,000,- 
000 circuits are produced. 
A new booklet, ‘‘De- 
signing with Dytronics 
Die Stamped Circuits,” 
gives other important rea- 
sons for specifying these 
quality circuits and pro- 
vides information that 
will help you design them. 
Write for a free copy. 


S 
Diyfronics 


INCORPORATEDO 


ROCHESTER 47, MICH. 


A subsidiary of Taylor Fibre Co., 
Norristown, Pa. 
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13 other universities. Additional 
information can be obtained from 
R. A. Budenholzer, Illinois Institute 
of Technology, 35 W. 33rd St., Chi- 


cago 16, IIl. 


April 4-6— 

National Microfilm Association. 
Tenth Annual Meeting and Con- 
vention to be held at the Sherman 
Hotel, Chicago. Additional infor- 
mation can be obtained from the 
association’s executive secretary, 
Vernon D. Tate, P. O. Box 386, 
Annapolis, Md. 


April 4-7— 

Society of Automotive Engineers 
Inc. National Aeronautic Meeting, 
including production forum and 
display, to be held at the Hotel 
Commodore, New York. Further in- 
formation is available from SAE 
headquarters, 485 Lexington Ave., 
New York 17, N. Y. 


| April 6-7— 


American Society of Mechanical 
Engineers-Society for the Advance- 
ment of Management. Management 
Engineering Conference to be held 
at the Statler Hilton Hotel, New 
York. Further information can be 
obtained from ASME Meetings 
Dept., 29 W. 39th St., New York 
18, N. Y. 


April 10-21— 


American Welding Society. 42nd 
Annual Convention and Welding 
Exposition to be held at the Coli- 
seum, New York. AWS will also 
act as host to the International In- 
stitute of Welding, which meets at 
the Sheraton-Atlantic Hotel. Tech- 
nical meetings of AWS will be held 
at the Commodore Hotel as well 
as the Coliseum, Additional infor- 
mation is available from society 


| headquarters, 33 W. 39th St., New 
| York 18, N. Y. 


Short Courses 
and Symposia 


Feb. 22-23— 

Seminar on Automation and Nu- 
merical Control, sponsored by the 
American Society of Tool and Man- 


ufacturing Engineers, to be held at 
the Bond Hotel, Hartford, Conn. 
Additional information is available 
from ASTME, 10700 Puritan Ave., 
Detroit 38, Mich. 


March 20-31— 

Industrial Packaging Short Course 
to be held at Purdue University. 
Additional information is available 
from Mark E. Ocker, Conference 
Co-ordinator, Div. of Adult Educa- 
tion, Memorial Center, Purdue 
University, Lafayette, Ind. 


March 27-31— 

Third Symposium on Tempera- 
ture—Its Measurement and Control 
in Science and Industry to be held 
at Veterans Memorial Auditorium, 
Columbus, Ohio. Sponsors are In- 
strument Society of America, Amer- 
ican Institute of Physics, and Na- 
tional Bureau of Standards. Fur- 
ther information is available from 
ISA, 313 Sixth Ave., Pittsburgh 22, 
Pa. 


March 28— 

17th Annual Quality Control 
Clinic to be held at the University 
of Rochester, Rochester, N.Y. 
Sponsor is the Rochester Society 
for Quality Control. Further in- 
formation can be obtained from 
Albert D. Rickmers, Associate Pro- 
fessor, College of Graphic Arts and 
Photography, School of Photog- 
raphy, Rochester Institute of Tech- 
nology, 65 Plymouth Ave. South, 
Rochester 8, N. Y. 


March 28-29— 

Symposium on Nucleonics in 
Flight to be held at the Statler- 
Hilton Hotel, Dallas, Texas. Sym- 
posium will consider nuclear aspects 
of atmospheric and space systems 
for manned and/or unmanned 
space travel. Further information 
is available from Eldred L. Burk- 
hard, Chairman, North Texas Sec- 
tion, American Nuclear Society, 
Convair Div., Fort Worth, Texas. 


April 17-19— 

Seventh National Symposium on 
Instrumental Methods of Analysis, 
to be held at the Shamrock-Hilton 
Hotel, Houston. Sponsor is the In- 
strument Society of America; addi- 
tional information is available from 
Meetings Services Dept., ISA, 313 
Sixth Ave., Pittsburgh 22, Pa. 


MacHINE DEsIGN 





Revere helps ‘fit the metal to the job” 


AND A COMMUTATOR MANUFACTURER SAVES ON BOTH MATERIAL COSTS 
AND OVERALL COSTS WHILE PRODUCING A SUPERIOR PRODUCT 


The hub of the small commutator you see above originally 
was made of a ferrous metal. Certain problems cropped up 
due to the fact that the rod from which the hubs were fabri- 
cated, not only had to be drilled, but it also had to be able to 
withstand a flanging operation. The engineering department 
of Dayton Precision Manufacturing Company called in one 
of Revere’s Technical Advisors for consultation. 

After a thorough study of the problem Revere Brass Rod 
of a certain alloy was recommended and samples were fur- 
nished. The machinability of the rod was found to be 
outstanding, being readily and speedily drilled. Also it 
withstood the flanging operation . . . a set of manufacturing 
conditions where only brass, the right kind of brass, out- 
shines all other metals and alloys. 

Final score: The low first cost of the brass rod, plus its 
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superior machinability, resulted in a more satisfactory product 
without the penalty of higher costs. A further advantage to 
the manufacturer was the added sales appeal of the brass hub. 

And there you have another example of how Revere in 
collaboration with the manufacturer helped, “‘fit the metal to 
the job,”” which resulted in a better part at the least possible 
cost. Why don’t you take advantage of this kind of service? 


REVERE 


COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 
230 Park Ave., New York 17, N. Y. 
Sales Officesin Principal Cities. Mills: Rome, N. Y.; Baltimore, 
Md.;Chicago and Clinton, lll.; Detroit, Mich.; Los Angeles, 


Riverside and Santa Ana, Calif.; New Bedford and Plymouth, 
Mass.; Brooklyn, N.Y.; Newport, Ark.; Ft. Calhoun, Neb. 


Distributors Everywhere. 





WHICH R&M MOTOR 
FEATURE WILL ADD MORE 
TO YOUR PRODUCT'S 


COMPETITIVE 
ADVANTAGE? 








DOUBLE WIDTH 
BEARINGS BEARING CAPS VENTILATION } END HEADS INSULATION 


All these outstanding features—yours at no extra cost—contribute to R&M’s 
dependable performance, easy maintenance and long life. Fully sealed double- 
width bearings have extra-large reservoirs containing grease selected to resist 
dust, temperature, humidity and high speeds. Bearing inspection and relubrication 
are easy. Bearing cap on each end head comes off quickly when four bolts are 
removed. Bearing seal, held by removable snap rings, is also easily removed. 
“Dual-Sweep” ventilation greatly prolongs motor life with high-velocity cooling 
and cleaning. Tandem fans—one pushing, one pulling—create end-to-end ven- 
tilation that eliminates “dead” areas. Venturi baffles direct air over and around 
end coils. One-piece shrouded end heads give full-height protection against mois- 
ture and falling objects. Mylar* laminated to rag paper insures positive slot cell 
insulation because of its excellent dielectric qualities (8 times that of conven- 
tional insulation). Rag paper backing provides cushion against abrasion and 
puncture. Get complete information . . . write today for Bulletin 520-MD 


*DuPont registered trademark 


ROBBINS & MYERS, INC., Springfield, Ohio 


Fractional and Integral HP Electric Motors * Electric Hoists and Overhead Traveling Cranes * Moynog|ndustrial Pumps 
Propellair, Industrial Fans * R&M-Hunter Fans and Electric Heat * Trade-Wind Range Hoods and Ventilators 
Subsidiary companies at: Memphis, Tenn., Pico Rivera, Calif., Brantford, Ontario. 
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Open Protected Polyphase Motors (left), 
up to 200 HP, are suitable for many ap- 
plications formerly requiring totally en- 
closed construction. 


Totally Enclosed Motors (right), ¥2 to 200 
HP, are fan-cooled . .. offer complete pro- 
tection against all harmful atmospheres. 


“PM” Single Phase Motors (left), ratings 
through 20 HP, eliminate maintenance be- 
cause they are fully weatherized for severe 
duty. 


Explosion-Proof Motors (right), ratings 
through 200 HP, are Underwriters’ Ap- 
proved for Class I, Group D, and Class 
II, Groups F & G. 


MOTORS 1 thru 200 HP 





How to design SALES 


Here’s why GEORGE E. FAILING CO. 


ENGINEERING EXTRAS... 


Diesel or carbureted interchangeability presents no 
problem for Failing engineers, and it gives them a plus 
feature they can pass along to the customer. There are 
other benefits, too. “The wide range of power sizes in 
the International line lets us use IH engines for many 
of our new models)? says Research Engineer Herschel 
Bules shown here, at left, with Mr. Carley. 


Failing has been building portable drilling equipment 
for thirty years and their experience has shown that 
International’s many fine features go far beyond the 
drawing board. In addition to engineering advantages, 
rugged International engines provide the steady, de- 
pendable power needed on heavy-duty drilling rigs. Cus- 
tomer reports from all over the world prove the reliable 
performance of IH-powered Failing equipment. 


Here’s an inspector on Failing’s assembly line checking final 
installation of 75-hp carbureted engine. International carbu- 
reted engines are available in a variety of models, for gasoline, 
LP gas, natural gas or combinations. The UC-221 above, has 
the same rugged construction as its diesel twin shown at the 
right. 


“The convertibility of either International gas or 
diesel power is a great asset. Similarity of mount- 
ing and accessories, and compact design further 
simplifies installation: 
—EVERETT CARLEY, Chief Engineer, 
GEORGE E. FAILING CO., Enid, Okla. 


Interchangeable in size and power, the UD-236 is installed 
for customers who specify diesel operation. There are 35 engines in 
the International line—16.8 to 385 max. hp. Stripped engines or 
complete power units are available, and factory-made accessories 
and attachments further extend International flexibility. 





POWER into Your Products 


specifies INTERNATIONAL POWER... 


SALES ADVANTAGES... 


This prominent manufacturer gets three basic advantages 
by using International power. First, International’s wide 
range of power sizes, with features for extreme adapta- 
bility in every size, presents a choice that will exactly 
match design specifications and power requirements. Sec- 
ond, International’s world-wide network of parts and 
service facilities assures prompt attention to on-the-job 
problems—any time, any place. Third, Failing customers 
get long-lasting, low-cost power for heavy-duty drilling 





operations. . : 
“Our company reputation and continued 


This three-way advantage provides desirable engineer- sales rely on customer satisfaction. Interna- 
tional engines and the IH parts and service 


ing extras, and creates a product preference that today’s eng 
sales-conscious engineer demands. Find out today how organization meet our high standards of 

: : equipment performance and service to the 
you can build Sales Power into your products. Call or unee™ 


write to International Harvester Co., Engine Sales Dept., —R. M. GREER, President, 
Melrose Park, III. GEORGE E. FAILING CO., Enid, Okla. 


CUSTOMER PREFERENCE... 


nom Re 
~~ SA eS een ¢ 


“We keep operation and maintenance costs in line by 
using 100% International power on shot hole and 
core drills:’ 
—T. E. FAILING, President, 
FAILING EXPLORATION & DRILLING CO. 
Houston, Texas 


PSs 


In today’s competitive market, designers are vitally inter- 
ested in customer preference. That’s why so many engi- 
neers insist on International. When you're ready to specify 
power, call International for complete product informa- 
tion and installation assistance. See how easy it is to 
design Sales Power into your equipment. 


m@ INTERNATIONAL’ 





International Harvester Co., 
180 North Michigan Ave., Chicago 1, Ill. 
A COMPLETE POWER PACKAGE 
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...oterling’s variable speed drive 
never requires lubrication 


Costs Reduced—One of management’s biggest headaches 
has been the development and maintenance of proper lubri- 
cation schedules. As a consequence, lubrication problems 
have long been the cause of variablé speed drive failures, 
pulley wear, sticky pulleys, shortened belt life, excessive 
noise, and many other equally costly problems. 

High labor costs, coupled with increased maintenance 
needs, are major management problems, 


Lubrication Eliminated—Now, Sterling has eliminated all 
lubrication maintenance problems. No part of a Sterling 
variable speed drive needs to be lubricated. 

All bearings, sealed and shielded, are factory-lubricated 
and therefore require no lubrication. Shaft surfaces are im- 
pregnated with a special exceptionally tough and wear- 
resistant material which eliminates need for lubrication. The 
non-metallic bushings are also fabricated from a special ma- 
terial that is equally wear-resistant. 


Special Load-Bearing Surfaces—At no time do these sur- 
faces require any attention. Even the keys are fabricated 
from a tough elastic material and will not wear out. 


Shaft surfaces are extremely tough; material provides unusual chemical 
resistance and afti-frictional properties that make an excellent load- 
bearing material operating under extremely low or high temperatures. 
Keys and bushings are fabricated from a material proven to have out- 
standing abrasion resistance; holds up indefinitely under frictional 
conditions, thus eliminating need for lubrication. 





athaway is 


i TRUMENTS 





©1961 Sterling Electric Motors, Inc. 


February 2, 1961 


Fret corrosion, long a problem with metallic load-bearing 
surfaces, is completely eliminated since non-metallic surfaces 
now carry the load. Sticky pulleys, frequently the result of 
improper lubrication, are no longer a problem. 

Sterling’s new “Lube-Free” variable speed drive can be 
installed in any location, no matter how inaccessible, since 
lubrication maintenance is no longer needed. 


Other Benefits—Costs are reduced, money saved, when 
lubrication maintenance is no longer necessary. Belt life is 
lengthened; pulley wear is eliminated. Bearing life may also 
be lengthened by the elimination of worn pulleys—often the 
cause of vibration and bearing wear. 

All other Sterling variable speed advantages are present in 
this new “Lube-Free” drive: wide range of speeds, heavy 
duty cast iron case, finger-tip speed control, etc. 


Information Available—Complete application and product 
information is available by writing Dept. B-3, Sterling Elec- 
tric Motors, Inc., 5401 Telegraph Road, Los Angeles 22, 
California—or by contacting the Sterling field engineer in 
your area. 


‘This V & O Notching Press is powered by a new Sterling “Lube-Free’’ 


variable speed drive. It will never need lubrication. Similar units have 
been installed in the food processing industry. The elimination of lubri- 
cation is particularly important in the food processing industry where 
variable speed drives have such wide application, and where oil and 
grease create sanitation problems. 


Sterling Electric Motors, Inc. 


5401 TELEGRAPH ROAD, LOS ANGELES 22, CALIFORNIA, 
A Subsidiary of HATHAWAY INSTRUMENTS, INC. 
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for long-life operation 





despite extreme temperatures, 


heavy shock, severe vibration 


4 






CLARE Type F | 


Subminiature crystal can 


~ RELAY 


This hermetically sealed relay—no bigger than a postage stamp— 
is a precise component of unusual flexibility, capable of long-life 
operation under a wide variety of contact loads. 


The Clare Type F is extremely fast and more than moderately sensi- 
tive. It is built to withstand temperature extremes, heavy shock and 
extreme vibration. It has proved its usefulness to advanced circuit 
designers. Contacts, rated at 3 amperes, are excellent for low- 
level circuit applications. Terminal arrangement is nicely suited to 
2/10 inch grid spacing. 


In a variety of terminal and mounting designs, the Clare Type F 
Relay is of real value for both commercial and military applications. 
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: 
pare cwitlt for complete data on construction, circuitry, 

| cp cease 102 performance characteristics and mountings 
)} ...write for Catalog 203° 





























| 








SPEC 


wiring— 
as viewed from 
terminal end 


RED DOT 


Nominal Operating Power. . 
Total Pickup Time......... 
Total Dropout Time....... 
Contact Arrangement 
Contact Rating 


Contact Resistance. 
Contact Life... .cccsces 


Enclosure........ 


For detailed information, ask your Clare Rep- Mounting 
resentative for Catalog 203...or address 

C. P. Clare & Co., 3101 Pratt Bivd., Chicago Terminals 
45, Illinois. In Canada: C. P. Clare Canada 

Ltd., 840 Caledonia Road, Toronto 19, Ont. 

Cable address: CLARELAY. 











IFICATIONS: 


—65° C to +125° C. 


. 65 G's, 11 millisecond duration. 


5-75 cps at total excursion of %-inch, 75-2000 
cps at 20 G's acceleration. 

Sea level—1000 volts rms between terminals 
and frame, and between adjacent circuits; 
600 volts rms between contacts of a set. At 
80,000 ft., 350 volts rms. 

1000 megohms minimum at 125° C. 

Coils from 35 ohms to 10,000 ohms available 
for a wide range of voltages or currents. 
250 milliwatts. 

5.0 milliseconds. 

5.0 milliseconds. 

2 pdt (2 form C). 

3 amps resistive at 28 vdc or 1 amp resistive 
at 115 vac; also for low-level applications. 
0.050 ohm maximum. 


. 250,000 operations minimum at 2 amps; 


100,000 operations minimum at 3 amps. 


...Hermetically sealed, filled with dry nitrogen 


at 1 atmosphere pressure. 

- popular mounting arrangements avail- 
able. 

Printed circuit; solder; plug-in (matching 
socket available). Variations of printed-cir- 
cuit terminal length on 2/10 inch grid spacing 
available. 

17 grams. 

MIL-R-5757D. 





C.P. CLARE & CO. Relays and Re/ated Contro/ Components 








* 
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If you can use this speed or if you 
know of an application, enter 
Avdel’s Chobert 

“2000 Per Hour Contest?’ 


$1,000.00 GRAND PRIZE 
$200.00 2ND PRIZE 
$50.00 3RD PRIZE 


10 special awards of $25.00 each 


This is sort of a sneaky way to get you to 
think of applications for Avdel’s Chobert 
Blind Rivet System. And why not? If you 
can tool up to set 2000 blind rivets per 
hour — think of the increased production 
and higher profits —so— you can be a hero 
and also win a prize. 

The Automatic High Speed Riveting Gun 
holds a mandrel of up to 65 rivets, each 
automatically held ready for installation 
as fast as 


operator can posi- 

tion the portable gun. 

Don’t worry about: 
—“hard-to-get-at” applica- ¥ 
tions—special conforma- 
tions—rivet alloy—Avdel’s 

Chobert System can whip them all and 
still set 2000 blind hollow rivets per hour. 
Think of —metal to wood—cloth to metal 
—as well as metal to metal fastening 
applications. It’s easy...wherever 
SPEED is an ESSENTIAL condition of 
a rivet-fastening application... Avdel’s 
Chobert System shines. 


RULES FOR AVDEL CONTEST 


1. Submit as many entries as you wish. 


2. Submit your entries on your company 
letterhead, if available to you; otherwise 
on 82x11 white paper. 
3. Each entry shall include all the follow- 
ing information: 
a. What applications your company now 
has for rivets of any kind. b, What you 
idea is for a prize-winning application 
using Avdel’s 2000-per-hour Rivet Sys- 
tem, Simply and clearly describe this 
application, the materials to be fas- 
tened, and the industry or industries 
in which the application can be used. 
c. State your name, address, occupation, 
and your title or job description in your 
company. d. Your entry need not neces- 
sarily be an application usable only in 
your own company. If you know of an 
application in another company which 
can use Avdel’s 2000-per-hour speed to 
advantage, describe this application, 
and submit the name, title, company and 
address of the individual and company 
who should be interested. e. The more 
uses to which your idea may be put, 
and/or the newer the use, the more 
your chances increase to win important 
prizes. 
4. All entries become the sole property of 
Avdel, Inc., to be used by them in any 
manner they see fit, including the use of 
your name, picture, and application idea 
in future advertisements. 
5. The decision of the judges is final; and 
no employees or relations of Avdel, Inc., 
or its advertising agency, are eligible. 


6. All entries must be postmarked not later 
than April 15th, 1961. 

7. Send all entries to AVDEL®, Inc., 210 
So. Victory, Burbank, California. 
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New 
instrument 
housing of 

DELRIN*” 


a 
i el a | n one of Du Pont’s versatile 
engineering materials 





cuts weight 80%...simplifies assembly 


In designing a compact automobile, 
weight reduction stands out among 
the objectives—less weight means 
improved fuel economy and easier 
handling. That’s one of the reasons 
why Chrysler Corporation’s 1961 
Valiant has a one-piece instrument 
housing molded of Du Pont DELRIN 
acetal resin. At no sacrifice in per- 
formance, the use of DELRIN cuts 
the weight of the instrument hous- 
ing by approximately 80%—from 
nine pounds in die-cast zinc to two 
pounds in DELRIN. This reduction 
not only pays off in lower over-all 
weight, but also eases handling on 
the assembly line. 


The attractively styled housings 
of DELRIN have proved their dura- 
bility through extensive road and 
laboratory tests. DELRIN offers 
strength in thin sections, even at 
elevated temperatures . . . remains 
dimensionally stable under varying 
conditions of humidity. Mounting 
of the housing is simplified because 
molded-in bosses accept self-tap- 
ping studs. 

On the following page you will 
find more examples of the product 
improvements and savings in manu- 
facturing and assembly costs made 
possible by DELRIN acetal resins in 
a variety of diverse fields. 





The manufacturer of these valve com- 
ponents for check valves in water or 
gasoline pumping systems reports: ‘‘Se- 
vere testing proves that the disc retainer 
guide made of DELRIN is practically 
indestructible.’’ Use of DELRIN instead 
of brass also prevents mineral build-up 

. eliminates the cause of valve stick- 
ing and faulty seating. (Molded by Hol- 
man Mfg. Co., for a division of Flomatic 
Corp., both of Hoosick Falls, N. Y.) 


Delrin 


Shock absorber designed to eliminate 
water-hammer noises in residences has 
outer shell molded of tough Du Pont 
DELRIN. Reason for this choice: the 
shell of DELRIN is highly resistant to 
damage from residential shock pres- 
sures, exterior corrosion from most 
chemicals and water at 180°F. (‘“‘Genie’’ 
is molded for Josam Mfg. Company, 
Michigan, Indiana, by Stelrema Corp. 
of Gary, Indiana.) 


one of Du Pont's versatile 
engineering materials 


A complete line of miniature oil-tight 
push buttons (colored buttons, rings 
and knobs) molded of Du Pont DELRIN 
to help provide easy identification. De- 
signed for the toughest applications, 
these push buttons rely on the tougb- 
ness, color variety, durability and wear 
resistance of Du Pont DELRIN acetal 
resin. (Manufactured by General Pur- 
pose Control Department of General 
Electric Co., Bloomington, Illinois.) 


Parts of DELRIN* offer rugged, dependable 
performance under tough conditions 


The strength, durability and dimensional stability of DELRIN acetal resin 
are particularly important when the part in question is subject to severe 
environmental conditions, such as high temperatures, moisture, solvent and 
many corrosive chemicals. In use after use, designers are continuing to find 
that DELRIN provides parts that will perform under these adverse conditions 
. plus substantial economies in manufacture and assembly. How about 
DELRIN for your product? Mail the coupon for further information. 


POLYCHEMICALS 


BETTER THINGS FOR BETTER LIVING 


DEPARTMENT . THROUGH CHEMISTRY 


E. I. du Pont de Nemours & Co. (Inc.) 
Department I, Room 2507-D 
Nemours Building, Wilmington 98, Delaware 


POEL FOUN” acetal resins 


I am interested in evaluating DELRIN for the following use: 





Alathon Zytel Lucite 


Name. 





Company Position 








Street 





City _Zone State 
In Canada: Du Pont of Canada Limited, P. O. Box 660, Montreal, Quebec. 








In the Lancer Whiteprinter, 


Flexible Tubing 


1...provides suction to 
separate originals from 


prints... 


2 eee 
conveys air 
for cooling... 


~ 
exhausts 
heat and 
fumes 


) 























2 

















Proof that Flexible Tubing can solve a wide range of design problems 


Copymation, Inc., designers of the LANCER Dry 
Process Whiteprinter, had to solve three tough air 
handling problems: how to provide suction... how to 
convey air for cooling... how to exhaust heat and 
fumes — all in a very limited space! 

Solution to all three problems: a rugged nonmetallic 
duct with a wire helix — Flexible Tubing’s “Flexflyte.” 
Flexflyte is air tight and non-collapsing — provides 
strong, continuous suction for separating originals 
from prints. Flexflyte is lightweight and highly flexible 
— easily conveys air through cramped areas. Flexflyte 
is flameproof and corrosion-resistant — safely exhausts 
heat and fumes. Perfect example of the design problems 
solved with Flexible Tubing! 


Flexible Tubing 


CORPORATION 


Anaheim (Los Angeles) * Guilford, Connecticut 
Hillside (Chicago) 
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If you work on any kind of original equipment involv- 
ing the handling of air, liquids or light solids, there’s a 
Flexible Tubing product that can do the job! It’s at 
work today in electronic computers, vacuum cleaners, 
farm combines and hundreds of other places. Consult 
your factory-trained Flexible Tubing regional sales 
engineer. He’ll be glad to give you technical assistance. 


| FLEXIBLE TUBING CORPORATION 

| 62 New Whitfield St., Guilford, Conn. 

! Gentlemen: 

| I’m designing a new product [J. I’m redesigning an old one []: One 

| of my problems is the handling of air [) liquids [ light solids (J. 
Could be Flexible Tubing can help me solve them. I'll give you 10 

l ange hg show pad ~— it. my for za . No prob- 

] lems right now. nd me literature for my files (|. 

| 

| 

| 

1 

| 


NAME 
COMPANY 
ADDRESS... 
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The new “561” indicating controller responds to 
temperature changes of 0.1° or less! And is yours at a 
competitive price! These two features alone make it an 
instrument you should investigate... but there’s more! 


You can choose from five standard temperature 
ranges ... within the span of —50 to 600°F. Further- 


Here’s 0 1° more, scales start and end within your ranges, permit- 
° ting larger graduations, better legibility, easier read- 
out. And control and indication are separate but simul- 


Sensitivity at. a taneous. Should your indication fail the “561” will 


continue to control with complete accuracy. 


C titi P ms ! This precise instrument gives unvarying perform- 
ompe 1 lve rice! ance. Its indication and control will not vary with fluc- 
tuations of input voltage nor changes in ambient tem- 

perature. It offers the option of either ON-OFF or 

P ti po proportional control .. . has 10 AMP/120 VAC relay 

... Fenwal’s New “561 capacity. Smartly styled to complement modern indus- 


Temperature Controller trial machines and interiors, the ‘561’ offers you all 


these extras at a competitive price. 


A Fenwal engineer will be glad to supply informa- 
tion on the ‘561’, or any other temperature control in 
Fenwal’s broad line. Write Fenwal Incorporated, 192 
Pleasant Street, Ashland, Massachusetts. 


Another 
example of how 


CONTROLS TEMPERATURE... PRECISELY 
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Need a better drive 
for a'machine? 


























CONVENTIONAL DRIVE 


Ask your local Gates Engineer to show how 
Super HC Drives save space, weight, money 


If you are designing a new machine or redesigning one for 
better performance, your local Gates Field Engineer will be 
glad to help you. He can show you how to take full advan- 
tage of the many opportunities offered by Gates Super HC 
High Capacity Drives. 

Ask him to design a drive for your machine two ways: 
A conventional V-belt drive and a new Gates Super HC 
High Capacity V-Belt Drive. A quick comparison will show 
you many of the important savings provided by the new 
Gates drive. 

Manufacturers everywhere have standardized upon the 
Gates Super HC V-Belt Drive—industry’s first and most ad- 
vanced high capacity drive. It is your best assurance that 
your power transmission unit will not soon become obsolete. 

Your local Gates Field Engineer is an experienced, fully- 
qualified drive design expert. Contact him for drive design help. 


The Gates Rubber Company, Denver, Colorado 


BP-13 


Gates | V-Belt Drives 


February 2, 1961 
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Gates Super HC Drives 
give you these benefits: 


Handles up to 3 times more hp than 
conventional V-belts in same space. 


Saves up to 50% in drive space. 
Reduces drive weight 20% and more. 
Cuts drive costs as much as 20%. 


Reduces bearing load, increasing 
bearing life. 


Guards can be smaller, lighter weight. 


Belt speed up to 6000 ft/min possible 
without dynamic balancing. 


Less costly, higher speed motors can 
often be used. 


Exclusive design features 
include: precisely engineered 
arched top, concave sidewalls, 

) Flex-Weave cover, super strength 
tensile construction. 


Foy 


ET 


Building the future on 
50 years of progress 


57 





WHAT HOOK-LOCK IS 


HOOK-LOCK is a springless, posi- 
tive-locking latching device which 
is ideally suited for use on rigidly 
specified military transit cases as 
well as less expensive commercial 
containers. It provides high closing 
pressure and tremendous load- 
carrying capacity...is impact and 
shock-proof. HOOK-LOCK is so 
designed that it lies flat against the 
mounting surface whether in open 
or closed position. Since operation 
is parallel to mounting surface, no 
space for operating clearance is 
required. 


HOOK-LOCK lies flat against mounting surface, open or closed. 


New—HOOK-LOCK container latch...It’s flat! 


FEATURES 


@ Shock-proof—solid construc- 
tion...withstands high impact 
blows directly on the fastener. 


© Closing pressure of 200 lb. 
Where needed, pull-down pres- 
sure can be substantially increased 
by modification of operating lever. 


© Tensile load capacity: 750 lb. 


€) Compact—lies flat open or 
closed. Extends just 7/16 from 
container surface at thickest point. 


©) Positive-locking and springless. 
Unaffected by arctic temperatures. 
@® No operating clearance re- 


quired, because hook and lever 
move parallel to mounting surface. 
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BROKEN LINE INDICATES 
UNLOCKED POSITION 


IF YOU have questions regarding the possible application of HOOK-LOCK 
or other Simmons industrial fasteners to your particular needs, your inquiry 
will receive our immediate attention. Contact your nearest Simmons office 


or write direct. 


Si wi Ni © ng sS, FASTENER CORPORATION 


1756 North Broadway, Albany 1, New York 
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This is a “warhead”. It’s the front end of 
acarrier which darts through a pneumatic 
tube system at speeds up to 20 mph, and 
is subject to frequent shocks and impact. 
There’s a story behind the choice of 
LEXAN® polycarbonate resin for this new 
design... 

Formerly, destinations were set by con- 
tacts along the entire body of the carrier. 
Engineers of Airmatic Systems Corpora- 
tion, Saddle Brook, New Jersey, reasoned 
that if all the control elements could be 
fitted into a small impact- and wear- 
resistant head, the rest of the carrier 
could be designed for easy maintenance 
and quick replacement. Many plastics had 
the required dielectric strength, but none 





could measure up to LEXAN resin’s com- 
bination of good electrical properties, 
excellent dimensional stability and 
extremely high impact strength. LEXAN 
resin actually withstands over 12 foot- 
pounds per inch of notch — an impact 
strength attained by no other plastic! 
The new warhead is injection-molded 
of black LEXAN resin by Berkeley Engi- 
neering & Manufacturing Co., Berkeley 
Heights, N. J. Now when wear and tear 
take their toll, the transparent carrier 
body is easily replaced, since it has no 
control elements. Also, body length can 
be varied to suit customer needs, and 
carrier weight is reduced. Printed circuits 
and compactly arranged brushes and con- 
Circle 435 on Page 19 


trol plates are used. The new design is 
more attractive, more practical, less 
costly. And—LEXxAN resin warheads have 
proved in field tests to last longer than 
the old control units. 

G.E. LEXAN polycarbonate resin has 
raised the quality of many designs to new 
levels. It has been reduced in price 
approximately 40% over the past year! 
Can this tough, new thermoplastic help 
you? Send for design literature. 

AN’ 


Polycarbonate Resin 


GENERAL @@ ELECTRIC 


Chemical Materials Dept., Section MD-21, Pittsfield, Mess. 





ROTATING STRESS LOADS are 
constantly changing on the 
modulus balancing cheek plate 
(indicated in blue) of this heli- 
copter rotor by Kaman Aircraft. 
*“SCOTCHPLY” is the only struc- 
tural material tested that 
satisfied all requirements. Plies 
are oriented to meetthetension, 
bending and torsion strains 


developed in the blades. 


Modulus of elasticity taken in 
the lengthwise direction and 
crosswise direction for several 
laminate orientations are shown 
at right. Any intermediate ratios 
may be obtained as ‘“‘SCOTCH- 
PLY"’ can be tailored to meet 
specific stress requirements. 


New structural material will 


withstand over 2 BILLION 
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at 25,000 psi with no evidence 
of flexural fatigue 


uNipirec- | MAREMEREREEE TEST ACROSS PANEL 
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SPECIAL XK OXON 
10° 
ANAT Cees 
Ca ee ae 
MODULUS (MILLIONS PS!) 





Cross-hatching 
indicates filament 
orientation 


MACHINE DESIGN 





Only “SCOTCHPLY” Brand Reinforced 
Plastic lets you tailor continuous 
non-woven filaments to meet specific 
StresseS SERRE RRR 


Now get maximum flexural-fatigue strength plus highest 
strength-to-weight ratios with “SCOTCHPLY” Reinforced 
Plastic. Tests show this amazing structural material will 
stand up under more than 2 billion flexes without fatigue 
failure. 


The secret of the superior properties of “SCOTCHPLY” 
is that each ply consists of continuous straight filaments 
in parallel alignment, not crimped or woven. This 
continuous non-woven construction allows you to tailor 
individual plies to meet specific areas of high stress. 








FLEXURAL FATIGUE failure of 
metal Fourdrinier springs resulted 
in costly breakdowns on this paper 
machine manufactured by Rice Bar- 
ton Corporation. Now Fourdrinier 
springs of “Scorcup._y”’—tailored 
to the application—do the job. 


EXTREMELY HIGH TENSILE 
STRENGTH and light weight are 
essential in this battery case by 
Prewitt Aircraft for a classified mis- 
sile. By proper orientation of re- 
inforcing filaments, ‘‘SSCOTCHPLY” 
provides maximum strength where 
strength is needed to withstand tre- 
mendous acceleration loads. 


SCOTCHPLY = 


BRAND REINFORCED PLASTIC 
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Weight and bulk is not wasted in directions or regions 
of low stress as with ordinary woven or short strand 
reinforced plastics. With “SCOTCHPLY” you customize 
the material to the job. 


“SCOTCHPLY” Reinforced Plastic is available in epoxy, 
phenolic and other resin formulations with filaments of 
glass, nylon, asbestos or other materials. It is sold in 
uncured rolls or sheets containing a controlled ratio of 
filament to resin. Heat and low pressure in matched 
metal dies, or vacuum or pressure bag molding cure it 
into rigid form. It can then be sawed, machined, sanded, 
milled, turned, drilled, or tapped. 


Discover how ‘‘SCOTCHPLY” can serve your needs. For 
complete information and technical service, write: Rein- 
forced Plastics Division, 3M Co., 1210 University Ave., 
St. Paul 4, Minn., Dept. XAD-21. 
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Here’s a completely new “‘latching”’ relay—which does not use a mechani- 
cal latch! It is the Bulletin 700 Type BRM —built to provide the same 
millions of dependable operations you get from all Allen-Bradley’s indus- 
trial relays. A “‘built-in” permanent magnet eliminates the mechanical 
latch and the usual troubles caused by mechanical linkages. 

When the coil of the new Bulletin 700 Type BRM relay is energized, 
the relay closes and is held closed after the coil circuit is opened—by a 
permanent magnet. Energizing the coil in opposition to the permanent 
magnet field opens the relay. The correct polarity for operation of the 
relay is obtained from silicon diodes held within the molded coil cover. 
With no “piggy-back” additions out in front, and no “extra’’ solenoids 
below, the Type BRM relay saves valuable panel space. 

These A-B Type BRM relays also feature a continuous duty coil that 
permits the current to be left on, if desired. As with all Allen-Bradley 
relays, the double break, silver contacts never need attention. And the 
contacts of these new magnetically latched relays afford the same 60- 
second convertibility of the popular Bulletin 700 Type BR relay. 

For latching relay service, it will pay you to investigate this new and 
completely different relay. It provides the usual Allen-Bradley quality! 
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Can be latched 
or unlatched by hand 
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These chips cost money. They represent dollars 
in wasted materials together with the time and 
labor cost of extensive and unnecessary machining. 
You can eliminate all of this through the use of 
Investment Castings. 


There are many advantages gained when you use 
Investment Castings. Parts now made by other 
means or those now on your drawing board for 
your designs large or small, simple or complex, 
can be economically reproduced — in tens or 
thousands —in most castable alloys and to 


meet your specifications and design requirements. 


Investment Castings will reduce tooling cost, 
machining time and provide the latitude for designs 
otherwise impossible. 


Send for our Investment Casting Catalogue now. 
We have representatives in most industrial areas and 
they’ll be happy to discuss your problems with you. 


Let the chips fall where they may. 
We know we can save you money 
and time using Investment Castings. 


INVESTMENT 


INVESTMENT CASTING COMPANY 


60A Brown Avenue ¢ Springfield, New Jersey 
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Practical 
Design Tips 


No. 4 of a series 


BALL PLUNGERS WORK BETTER than spring plungers 
when side loads are involved. Balls won’t bind from 
side thrusts, retract easily. Available in 10 standard 
sizes from 4-48x3/16” to 5/8-11x1”. Various end pres- 
sures. Special sizes and end pressures made to quan- 
tity orders. 


@eeeoceeeeeeeeeeeeeeeeeeeseeeseeeeeeeeeeeeeeeee 


NEED A SMALL, LIGHTWEIGHT, SPRING-LOADED LATCH? 
One enterprising eulgnes modified a standard Vlier S-88 
Spring Stop that did the job perfectly. Entire latch weighs 
less than 1/8 oz. Body is die-cast aluminum; plunger is 
heat-treated alloy steel. Various plunger pressures. Avail- 
able on quantity orders only. 
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Hundreds of companies are now saving by using 
off-the-shelf Vlier products like the ones shown 
below. These simple, low cost, precision parts save 
designers time and, in many cases, simplify product 
design and manufacture. Why not investigate their 
possibilities today. 


TORQUE-LIMITING WRENCH for assembling small parts, 
adjusting set screws, etc., is easily made from a Vlier 
Torque Handle and a length of hexagon stock. Prevents 
over-tightening, and subsequent damage to parts. End 
pressure is adjustable from 15 to 200 Ibs. 





FREE IDEA BOOKLET. Illustrations in this 16-page booklet 
show how others have profited from the use of Vlier prod- 
ucts. Illustrates both the usual and unusual applications. 
May suggest ways you can save. Write for your copy today. 


WLIEF? (i? 


Engineering Corporation 
A subsidiary of Barry-Wright Corporation 
8900 Santa Monica Blvd. * Los Angeles 46, California 
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retaining rings 
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for axial assembly 


You can now get Industrial Series 3000 and 
Series 3100 Retaining Rings, PRE-STACKED — 
in the most popular sizes — from .250” to 1.375”. 
You can get them immediately and for no more 


than you have been paying for bulk rings. 


These Industrial Retaining Rings — both IN- 
TERNAL and EXTERNAL — come pre-stacked, 
with lugs aligned, in stacks of 250... ready for 


automatic or semi-automatic dispensing. 


You need waste no time untangling snarled rings 
—you don’t have to guess at inventories on 
hand. And, you don’t have to pay any premium 
for these money saving conveniences. 


Your IRR Distributor carries Industrial Pre- 
Stacked Retaining Rings . . . or, write us for 


complete information, 


Send for Catalogs No. 30M and 31M. 


Originators of modern retaining ring dispensing 


INDUSTRIAL RETAINING RING COMPANY 
57 Cordier Street, Irvington 11, New Jersey 
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Now—Fatigue Performance 
Formerly Available Only in Specials! 


... with New UNBRAKO K16 Socket Head Cap Screws 


If you have socket-head applications demanding 
extra-normal fatigue capacity ... if you have been 
using costly specials to get fatigue strength . . . here 
at last is a standard fastener designed specifically 
to solve your problem. 

New UnsBraKko K16 socket head cap screws give 
you a bonus of 300% more fatigue life. 

How does SPS achieve this special fatigue per- 
formance in a standard fastener? Primarily through 
extra operations during manufacture. Among 
them — 


@ Threads rolled after heat treat for extra fatigue strength 


@ Head-to-shank fillet area cold worked after heat treat 
to increase fatigue resistance 


Shank precision ground after heat treat to insure no 
decarburization and for closer body tolerances 


Magnetic particle inspection per SPS Specifications 
and MIL-I-6868 to insure a reliable product 


These features are in addition to the proven UNBRAKO 
pHd* head, which delivers far greater holding power, 
and the SPS Hi-Life thread root form, which reduces 
stress concentrations... both standard on all UNBRAKO 
socket head cap screws. 


*proper Head design 


Comparison of 5/16-24 Socket Head Cap Screws 
© Unbrako “K” Series 
@ Standard Unbrako Socket Head Cap Screws with Radius Thread Root 
X Standard Socket Head Cap Screws with Flat Thread Root 

Low Load: 10% Load 


CYCLES TO FAILURE 
1,900 10,000 


Tension-tension fatigue tests by SPS Laboratories show 
new UNBRAKO K16 socket head cap screw offers twice the 
fatigue life of regular UNBRAKOs. 
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New K16 tension fasteners were developed by SPS to 
replace costly specials in a growing number of critical 
industrial applications demanding extra-high fatigue capac- 
ity. Cross drilling is standard. 


Case histories show that 90% of today’s fastener 
failures are due to fatigue—a direct result of the 
trend toward more and more compact designs, with 
higher performance demanded of fewer or smaller 
components. New UNBRAKO K16 socket heads help 
you meet this design challenge... without paying 
for specials. 

UNBRAKO K Series fasteners are available cur- 
rently as socket head cap screws in standard sizes 
#8 through \% in. diameter in 8740 A.Q. steel. 
Other configurations and series to come. See your 
authorized industrial distributor or write Standard 
Pressed Steel Co. for new Bulletin 2707. INDUSTRIAL 
FASTENER Division, SPS, JENKINTOWN 18, PENNA. 


where reliability replaces probability 
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A NEW HYDRAULIC-MAGNETIC BREAKER 
NO BIGGER THAN A POCKET LIGHTER 


Light ... small... a snap to install! This 14%4-ounce circuit 
breaker can help you out of a tight spot, if you’re cramped 
for component space. Only 2144” x 5” x 2%” overall, it can 
take the place of both a fuse and a switch—and save you 
installation time and trouble, in the bargain. A single half- 
inch hole is all you need for mounting, and there are only 
two connections to make, instead of four or more. (The 
breaker’s “universal” terminals let you use the kind of con- 
nection best suited to the job, too—soldered, solderless, or 
screwed.) You can have this breaker in any integral or frac- 
tional current rating from 0.050 to 15 amps, at 110V, 60 or 
400 cycles AC, or 50V DC. Whatever rating you spec will be 
decimal-point precise—and permanent (you don’t have to 
de-rate the hydraulic-magnetic breaker for high ambient 
temperatures). Bulletin VP will give you more information. 
A word from you will put a copy in the mail. 


HEINEMANN ELECTRIC COMPANY <> 172 BRUNSWICK PIKE, TRENTON 2, N.J. 
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GUIDEROL bearings offer higher load 


GUIDEROL bearings pack more high capacity performance into smaller radial 
space. Their construction features the extra capacity of a full complement needle 
bearing and effective roller control. Center guided rollers limit skewing and pre- 
vent binding under adverse conditions in either horizontal or vertical mountings. 
For a common 1” shaft, the GUIDEROL bearing has an O.D. of only 114” with a 
capacity of 6310 lbs. Compared to a cylindrical type roller bearing, the GUIDEROL 
bearing requires %” less housing space and offers 23% more capacity. A ball 


bearing for the same shaft uses almost an inch 
larger O.D. to carry 1500 Ibs. less radial load. 
Space-saving GUIDEROL bearings simplify design 
and cut housing space requirements. Available 
with or without inner rings in shaft sizes from %” 
to 914” with capacities ranging from 2880 Ibs. to 
128,670 Ibs. (at 100 RPM). 


BALL BEARING 


Sealed Guiderol 
Beorings Protect 
Performance Life 
and Cut Maintenance 


Pre-lubricated and sealed 
GUIDEROL bearings lock 
lubrication in and seal 
contamination out. 
Interchangeable dimen- 
sionally with GUIDEROL GR Series bearings, 
they cut maintenance in two ways. Bearings 
last longer and frequent re-lubrication is not 
required. 5 different seal combinations are 
available to fit specific mounting requirements. 


GUIDEROL 
BEARING 


CYLINDRICAL 
ROLLER 




















SIMPLEX ENGINEERING USES GUIDEROL BEAR- 
INGS IN HIGH PRESSURE HYDRAULIC PUMPS 


The seco “La” Series pumps, shown in cross section above, 
are fixed displacement seven piston radial pumps, utilizing 
unique patented principles which enable them to generate 
pressures as high as 10,000 psi without loss of mechanical 
efficiency. SECO pumps are manufactured by the sIMPLEX 
ENGINEERING COMPANY, a Subsidiary of RACINE HYDRAULICS 
& MACHINERY, INC. 


MCGILL GUIDEROL MT Series bearings are used as shaft sup- 
port bearings, and center eccentric floating bearings in 
these and other series Simplex pumps. 


SIMPLEX reports unusual success with heavier loads and most 
satisfactory bearing life through ten years of use of MCGILL 
bearings. They have helped to produce the strikingly long 
life for which these pumps have become famous. 








KANE AND ROACH LEVELER SHAFTS ROLL ON 
GUIDEROL BEARINGS 


Kane and Roach depends on 26 matched pairs of GUIDEROL 
bearings to carry the leveling and flat straightening loads 
resulting from rolling alloy steels of 80,000 ps1 yield. They 
are used on K & R No. 7 Levelers as roll neck bearings on 
the 11 power driven main leveler shafts and on the pair of 
adjustable pinch roll shafts that guide entry of alloy steel 
bars up to 1” thick by 8” wide. 


Shown are the matched GuIDEROL bearings in their roll 
neck mountings. Driven through universal joints at 38 to 
114 RPM, the power rollers, supported at each end by pres- 
sure lubricated GUIDEROL bearings, provide production 
speeds of 70 to 210 feet per minute. 

Kane and Roach uses GUIDEROL bearings in many applica- 


tions with complete assurance of extra capacity and depend- 
able performance with minimum maintenance. 


WRITE TODAY FOR FREE McGILL BEARING CATALOG 
No. 52-A for complete data on McGILL GUIDEROL, CAMROL, 
MULTIROL and CAGEROL BEARINGS. 
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GUIDEROL BEARING 
Cutaway to show center guided 
roller principle 


























O On= 


Cea dadahehdeedadhdichuhhadhahcthechalhdhcdicdicthatnhelhadadiutedutubthatutiediaatatedl NS 











ow 
SS VOBLEPSTLEBLLSIEESEE PRES EEE SDEREEISLOEL Gs SS 
: ~~ 


. es NG (©) Son 
= : } 





GUIDEROL BEARINGS WITHSTAND VIBRATION 
IN LIMA ROADPACKER APPLICATION 


GUIDEROL bearings support the off-balance rotors which 
produce vertical vibration in the six vibrator assemblies of 
each LIMA ROADPACKER machine. The drawing shows the 
position of 4 rotor support bearings. A gear motor drives 
the rotors which are one-half filled with lead to produce 
vibration for road compacting. 


The user states that GUIDEROL bearings were selected be- 
cause of high capacity in limited diameter and their ability 
to withstand extensive off-balance vibration. Possible end 
floating of the separable bearing fits the design very nicely. 
Performance is considered most satisfactory as the bearings 
easily resist the eccentric loading. 
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precision needle roller bearings 
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GIDDINGS & LEWIS SKIN MILLING MACHINE 
APPLICATION REQUIRES GUIDEROL RIGIDITY — 
MINIMUM DEFLECTION 


GUIDEROL BEARINGS, IN MATCHED SETS are used to mount 
the reduction gearing in the table drive gear box of each 
NUMERCOID tape controlled skin milling machine. The 
drawing shows a partial section of the table drive. GIDDINGS 
& LEWIS MACHINE TOOL CO. cites excellent performance of 
the GUIDEROL bearings. Guided rollers in this bearing have 
eliminated the problem of having the roller bind on the 
shaft if slight misalignment is present. The drive assembly 
mechanism reduces back lash by using a pre-loaded gear 
arrangement and matched bearings. The bearings are 
flooded with oil through the center of the shaft. Speeds are 
1/30 to 460 RPM. 


McGILL MANUFACTURING CO., INC., Bearing Div., 


VV 
R) 
| = ( —E. MULTIROL-GUIDEROL-CAMROL-CAGEROL 
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200 N. Lafayette St., Valparaiso, Ind. 
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HANNA 
70S 
VALVES 








Hyclraulic pressure 
to 1000 psi 

Sizes Va", %e", 

Ya", 4" 
Temperatures 

to 250°F 


Air, Oil, water 
operation to 250 psi 
Sizes Vu", %e", 

y," ad 
Temperatures 

to 250°F 


OTHER HANNA VALVES 


FOR AIR e OIL ¢ WATER ¢ OTHER FLUIDS 


pageant cylinder speeds or controlling fluid flow of air, oil 
or water is so simple with Hanna Flo-Set Valves . . . you need 
only turn the valve body one revolution to adjust from zero to 
full pipe capacity. Micrometer-type graduations are numbered to 
indicate the percentage of pipe capacity. Once set, the position 
can be locked to avoid accidental change. Future resetting to a 
predetermined flow requires no guesswork. 

Hanna Flo-Set Valves allow full flow in one direction—con- 
trolled flow in the opposite. Used in pairs, they regulate independ- 
ently cylinder instroke and outstroke speeds. Hanna Flo-Set 
Valves assure uniform speed, smoother action and improved per- 
formance of cushioned and non-cushioned cylinders. 

Valve sizes are 14”, %”, 4%”, and %”...a %” Jr. model, without 
graduations or locking collar, is available for light piping 
and tubing. 

Whatever your problem of precision fluid control may be—you 
will find the best answer in Hanna Flo-Set Valves—designed, built 
and guaranteed by Hanna’s 50 years of experience in hydraulics 
and pneumatics. 


WRITE FOR LITERATURE AND COMPLETE DETAILS, 
or consult your classified telephone directory or Thomas’ 


include solenold, pilot, hand Register for your nearest Hanna representative. 
and foot operated types 


Hanna Engineering Works 
HYDRAULIC AND PNEUMATIC EQUIPMENT... CYLINDERS... VALVES 


1751 Elston Avenue 5 Chicago 22, Illinois 
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clip-on 
receptacle cuts 
14 turn fastener 





installation 


time by 86% 


for LION 14 turn FASTENERS 


Riveting and welding are eliminated by the new, time- 


saving clip-on receptacle that just slips over a hole in STANDARD STUDS 
your door frame and locks itself in place. 

The Lion stud is as easily installed. Slipped through a 
hole in the panel or door, it is captivated by a split ring 


retainer. Both the stud and receptacle have a generous OVAL HEAD FLUSH HEAD Wane HEAD 


‘“ cage - 2. aRt ete 
float’’ to tolerate misalignment of parts. adininata dita iaieiaaiiiee 


Finish: Cadmium plate per QQ-P-416 Type I Ci. 1. 
Operation is fast— 4 turn to lock, 14 turn to unlock. 





CLIP-ON 


For complete information on this and RECEPTACLE 


other fasteners, send for your free copy 

of Southco Fastener Handbook, 

Southco Division, South Chester Corporation, 
237 Industrial Highway, Lester, Pa. 
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Tool and Hardware Manufacturers Use 
Malleable for the Parts They Guarantee... 


“Guaranteed Against Warping or Breaking’”’ is the seal 
of quality often found on tools and hardware made of 
Malleable iron. Frequently Malleable components are 
guaranteed while the other materials in the same tools 
are not. 


Proven performance superiority has induced many tool 
and hardware manufacturers to switch to Malleable 
castings so they, too, can guarantee their products. At 
the same time, they often reduce their costs. How? 
Because Malleable provides more strength per dollar 
than any other metal; Malleable is the most machinable 
of all ferrous metals of similar properties; Malleable is 
truly outstanding for its toughness, ductility, castability 
and corrosion resistance. While Malleable’s natural ap- 
pearance is attractive, a wide variety of finishes can be 
applied for added customer appeal. 


The manufacturer of this 
unit converted his entire 
line of machinist vises to 
Malleable...then guaran- 
teed them against break- 
age. Not one claim has 
been made in three years! 


Improve your products by using Malleable castings. 
Check with any Malleable producer that displays this 
symbol 


MEMBER 


MALLEABLE 


Profitmaking Ideas are yours free in our Data 
Unit No. 114, available from any member 
foundry, or Malleable Castings Council, Union . 
Commerce Building, Cleveland 14, Ohio. 








$10,000 per year are saved 
by the manufacturer of this 
hydraulic jack since he con- 
verted the 16 inch long 
caster bar to a Malleable 
casting. The bar originally 
was a fabricated part that 
required shearing, punching, 
sawing, chipping, grinding 
and reaming, plus welding 
at eight points. The Malle- 
able casting is delivered 
ready-to-use at a savings of 
$2.68 per unit. 


aw 


The wide range of Malleable’s properties permits its use 
in hundreds of tool and hardware applications. Besides the 
examples shown here, Malleable is used for load binders, 
chain hoists, hinges, many kinds of clamps, pliers, trailer 
hitches, jack screws, gun frames, fence fittings, casters, 
brackets and pipe threading and cutting tools. 


When you’re interested in high qual- 
ity and long life, Malleable gives 
your products many competitive ad- 
vantages. We’ll be glad to show you 
how. Write or call one of the com- 
panies listed below. 


For Quality and Economy...Use Pd oe Oe = 9 


For Service Contact... MASSACHUSETTS 

Belcher Malleable tron Co., Easton 
CONNECTICUT MICHIGAN Dayton Mall. Iron Co., Ohio Mall. Div., Columbus 16 
Connecticut Mall. Castings Co., New Haven 6 Albion Malleable Iron Co.. Albion National Mall. and Steel Castings Co., Cleveland 6 
Eastern Malleable tron Co., Naugatuck Auto Specialties Mfg. Co.. Saint Joseph 

Cadillac Malleable tron Co., Cadillac PENNSYLVANIA 
DELAWARE Central Fdry. Div., Gen. Motors, Saginaw Buck Iron Company, Inc., Philadelphia 22 
Eastern Malleable Iron Co., Wilmington 99 MINNESOTA Erie Malleable tron Co., Erie 

Lancaster Malleable Castings Co., Lancaster 

ILLINOIS Northern Malleable Iron Co., St. Paul 6 Lehigh Foundries Company, Easton 
Central Fdry. Div., Gen. Motors, Danville MISSISSIPPI Meadville Malleable Iron Co., Meadville 
Chicago Malleable Castings Co., Chicago 43 Mississippi Malleable Iron Co., Meridian Pennsylvania Malleable Iron Corp., Lancaster 
Moline Iron Works, Moline “s 
Moline Malleable Iron Co., St. Charles NEW HAMPSHIRE TEXAS 
National Mall. and Steel Castings Co., Cicero 50 Laconia Malleable Iron Co., Laconia Texas Foundries, Inc., Lufkin 


Peoria Malleable Castings Co., Peoria 1 
Wagner Castings Company, Decatur peiabinen ork © tee Werke. Oat? WEST VIRGINIA 
cme Stee all. Iron Works, Buffalo ireini ; 
INDIANA Fates Jones Company Division we West Virginia Mall. Iron Co., Point Pleasant 
; astern Malleable lron Co., Solvay 
we ccmatees Oriskany Malleable Iron Co., Inc., Oriskany Wescoreseee 


; , Belle City Malleable Iron Co., Racine 
Link-Belt Company, Indianapolis 6 Westmoreland Mall. Iron Co., Westmoreland Chain Belt Company, Milwaukee 1 


National Mall. & Steel Castings Co., Indianapolis 22 OHIO Federal Malleable Company, Inc., West Allis 14 
American Malleable Castings Co., Marion Kirsh Foundry Inc., Beaver Dam 

1OWA Central Fary. Div., Gen. Motors, Defiance Lakeside Malleable Castings Co., Racine 

lowa Malleable Iron Co., Fairfield Dayton Mail. Iron Co., lronton Div., Ironton Milwaukee Malleable & Grey Iron Works, Milwaukee 46 
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How Ferguson ELIMINATES BACKLASH 
in Index Tables 


Backlash in indexing results in shock loads that 
affect the efficiency of a machine and the quality 
of its product. Most indexing mechanisms have 
inherent characteristics that cause backlash and 
poor dynamic conditions and prevent the designer 
from taking full advantage of modern feeds, tool- 
ing and methods that contribute to production 
economy. 








Ferguson Intermittor Index Tables have inherent 
zero backlash and extreme precision which results 
in a rotary transfer machine base capable of oper- 
ating speeds up to 500 indexes a minute. A Ferguson 
index table never proves to be a limiting factor in the 
speed or performance of an automatic assembly machine. 


HERE’S WHY: The continuously rotating cam 
of a Ferguson indexing mechanism features a 


tapered rib along which two preloaded bearing 


followers roll, maintaining constant contact with 
no clearance between them and the rib. When 
the mechanism is in the rest, or dwell, position, 
a straight portion of the rib locks the followers 
FOLLOWERS with ‘zero backlash and an 
indexing accuracy of .001”. 
Wear on the hardened tool 
steel cam is infinitesimal 
(many have been in use for 
more than 25 years). Fol- 


wers are rated for a mini- 
col me lo are ra Z ni 


NOTE HOW PRELOADED 
FOLLOWERS ENGAGE RIB 


mum of 8,000 hours opera- 
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tion. If backlash occurs after this period the life 
of the drive may be renewed merely by replacing 
the standard followers. 





NO CLEARANCE (ZERO BACKLASH) 


PRELOADED 


TAPERED RIB FOLLOWERS 


FERGUSON INTERMITTOR WITH 12” DIA. DIAL 











Compare this with other types of indexing devices. 
A geneva drive, with its slotted wheel and driver, 
and a barrel cam with a grooved track which en- 
gages one follower at a time, must have clearance 
in the slot or groove to allow passage of the follower. 
The slightest amount of clearance causes backlash. 
As the slot or groove wears, the clearance becomes 
greater and the backlash condition worsens. At the 
higher, more profitable operating speeds poor dy- 
namics cause wear on other parts of the machine. 
The user must choose between frequent downtime 
for repairs or slower speeds . . . He is the loser 
in either case. 


FREE DESIGN DATA — Load ratings, dimen- 
sions and application and installation information 
about standard and stock Intermittors, Ferguson 
Drives and in-line machines are contained in a 
single 36 page catalog. Every designer should have 
one in his library . . . Write Ferguson—Ask for 
Catalog No. 160. 


FERGUSON 


MACHINE CORPORATION 


A subsidiary of Universal Match Corporation 


7818 Maplewood Court e St. Louis 17, Missouri 
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WEAR RESISTANT 


THOMSON 









AVOID the HIGH COST 
* ' and difficulty of fabricating 
i "4 =" = long, hard & straight 
conventional 
methods! 
nn, 


hardened ~dround 


SHAFTS, ROLLS, GUIDE RODS. and other long-round parts 
ELIMINATE WEAR and REDUCE COST 





60 Case is the result 


of over 15 years of experi- ADVANTAGES 
mental work and production experi- 
ence with hardened and ground shafts of 60 Case 
which are a requirement for BALL BUSHINGS, 
the Linear Ball Bearing manufactured by © COST REDUCTION ° GROUND FINISH 
Thomson Industries, Inc. e HARD BEARING SURFACE hd STRAIGHT PARTS 


The special techniques and equipment that have been © NICK-& DENT-PROOF © DELIVERY FROM STOCK 
developed enable high production rates and low han- » ACCURATE DIAMETERS e ADDED STRENGTH 
dling costs. This permits big savings over conventional © UNIFORM HIGH QUALITY 
methods which are plagued with erratic warpage, straight- 
ening and resultant grinding problems. Finished 60 Case 


parts frequently cost less than the scrap losses that result TYPICAL 60 Case PARTS 


from conventional methods. GUIDE RODS + SHAFTING + ROLLS * TRAVERS 
60 Case material has a surface hardness close to 60 on the PISTON RODS ¢ ARBORS ¢ LEADER PINS « TIE 
Rockwell C scale which is essential to resist wear. KING PINS « AXLES « CONTROLRODS ¢ GUID 
Long lengths of material ranging in diameter from %” MANDRELS ¢ BEARING ROLLERS ¢ SPIND 
to 4” are stocked to enable prompt shipment of 60 Case 
parts, with or without special machining. Write for 


literature and name of your local representative. ; THOMSON INDUSTRIES 


Inc. 
ter — pe cotect vs Dept. C-5, Manhasset, New York 
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PARTS HARDENED to 60C... 
increase life...reduce cost! 











eee | 


Reduce Bearing Space— 


Increase Bearing Life 
on heavily-loaded applications ! 





r 
ORANGE srtccereo 


ROLLER BEARINGS 


with the unique STAGGERED ROLLER DESIGN 


By using many short rollers in staggered 
arrangement instead of fewer long rollers as 
in conventional bearings, Orange “Staggered” 
Roller Bearings provide outstanding advan- 
tages for heavy-duty, highly-stressed and pre- 
cision applications. They do the work of larger 
straight roller bearings — save space, weight 
and cost — assure long, trouble-free operation. 





End views of “Staggered” roller bearing (top) 
and conventional bearing, show how many 
short rollers distribute the load over a multi- 
plicity of contact points within the loaded zone. 








@ Reduced Roller Skewing. Short Orange rollers can skew only 
a fraction of longer rollers for a given angular misalignment. “Staggered” Bearing ends trouble in Rod Mills 
Short rollers align themselves independently, whereas longer Cnteitcitiania ee tent Anica telling ata ta te 


rollers skew along their full length. pinion stands of its rod mills, Washburn Wire Company, 
Phillipsdale, R. |. eliminated periodic bearing replace- 


Better Fatigue Life because short rollers greatly reduce dam- ments and high lubrication costs. Operating 24 hours a 
day under tremendous loads, the "Staggered"’ bearings 


aging effects of edge loading, compared with long trunnion : 

ett ieltenn whew deesinnsd destotinns ol t have remained maintenance-free for over 3 years. 
or cyl A ’ sional deviations Of parts Washburn engineers say the change-over paid for itself 
or uneven loading are encountered. in one year. 

@ Orange "Staggered" Roller Bearings are available in a 

Run More Smoothly because closer centers of staggered rollers complete range of sizes interchangeable with other 
have half the chordal distance of conventional bearings. bearings in the 200 and 300 series. 
Especially valuable in printing, or roiling steel or foil. WRITE FOR ENGINEERING MANUAL M-59 


ORANGE ROLLER BEARING CO,., Ine. F tn 


ne re) RA en Ee 556 Main Street, Orange, N. J. (canbe 


. Needle Bearings — Staggered Roller Bearings WH 
ie) @ @ BEARINGS Journal Roller Bearings — Thrust Roller Bearings we 


Cam Followers 
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ENGINEERED 
TEFLON PRODUCTS 


Apply Garlock 5875  Teflon-im- 
pregnated Packing to centrifugal and 
rotary pump shafts, valve stems and 
expansion joints, and reciprocating 
rods, rams, and plungers ... a pre- 
mium packing at regular packing 
prices. 


NOW—YOU CAN BUY GARLOCK TEF- 
LON* PUMP PACKING AT REGULAR 
PACKING PRICES! 


Through an improved manufacturing 
technique, Garlock offers a Teflon-im- 
pregnated LATTICE BRAID} Pack- 
ing at a reduction of approximately 
40% over the price of similar competi- 
tive packing. Designated Garlock 
5875, this packing can be purchased at 
prices comparable to regular packing. 
Enjoy premium benefits without a pre- 
mium price. Garlock 5875 offers a high 
Teflon content—more than 30% by 
actual weight—for greater protection, 
reduced wear. In temperatures from 
—90° F to +500° F, Teflon-impreg- 
nated LATTICE BRAID Packing 
is recommended for use against mod- 
erately destructive and corrosive min- 
eral acids and caustics. For more de- 
structive and corrosive applications, 
Garlock 5888 Teflon-treated fiber 
packing is recommended. Teflon, too, 
is as “‘frictionless” a material as you 
will find; this greatly reduces wear to 
the packing itself, and to any moving 
parts that it contacts during normal 
operation. 
Specialized construction provides longer 
life, less maintenance. Garlock 5875 
Packing is made from Teflon-impreg- 
nated white asbestos yarn, woven in 
the superior LATTICE BRAID con- 
struction. Here, each strand of treated 
yarn is intertwined at a 45° angle 
through the packing body. This com- 
pletely integrates the structure for 
greater strength and, unlike ordinary 
square or round braid, eliminates indi- 
vidual layers of yarn—layers that, 
once worn through, destroy the useful- 
ness of the packing. Without a layer 
or single outer braid to wear through, 
LATTICE BRAID remains unified 
without disintegrating far beyond the 
limits of other packings. 
Enjoy fast delivery from warehouse stock. 
Garlock 5875 Packing is immediately 
available in sizes from 14” through 54” 
in either spool or reel form to meet 
your specific needs; also available on 
order in ring form in these sizes. 
Specify now from your local Garlock 
representative at the nearest of the 26 


GARLOC K 
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Garlock sales offices and warehouses 
throughout the U.S. and Canada. Or, 
for more information, write for Cata- 
log AD-185, Garlock Inc., Palmyra, 
New York. 

Canadian Div.: Garlock of Canada Ltd. 
Plastics Div.: United States Gasket 
Company 

Order from the Garlock 2,000 .. . two 
thousand different styles of Packings, 
Gaskets, Seals, Molded and Extruded 
Rubber, Plastic Products. 

*DuPont Trademark for TFE Fluorocarbon Resin 

tRegistered Trademark 








Model DOC 
Clutches provide 
smooth, accurate 
starting and 
stopping of 
speed drive 
train. 


mn 
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In Kearney & Trecker Milling Machine... 


Twin Disc Oil-Actuated Clutches 


help make spindle drive a model of compact efficiency 


There’s no “gingerbread” on Kearney 
& Trecker’s model 205 S-12 Milling 
Machine; unessentials have been ruth- 
lessly purged. But the observant eye 
can see skillful, meticulous engineer- 
ing in the smallest detail of this unit. 
Everything is geared to functionalism 
—to the objectives of simplicity, ef- 
ficiency and ease of operation. 

The 205 S-12 offers a wide range 
of speeds for virtually all metal re- 
moval jobs—20 to 1600 rpm range 
with 24 changes at 5 hp. With the 
many attachments available, this knee- 
type machine can do just about every- 
thing but sign the operator’s pay- 
check. 

Especially impressive in the 205 


S-12 design is the speed drive train. 


It’s amazingly compact, yet sturdy 
and quiet-running. Because positive 
starting and fast braking from high 
speeds call for high-energy clutches, 
Kearney & Trecker chose two Twin 
Disc DOC Oil-Actuated Clutches to 
handle these functions. 

The ability to absorb high-energy 
loads makes the multiple-plate DOC 
Clutch unique. In addition to provid- 
ing a high friction coefficient, the sin- 
tered metallic facing on the clutch 
plates prevent “welding” with conse- 
quent scoring. And oil actuation as- 
sures high clamping force with no 
wear adjustments necessary. 

These features make for remark- 
ably compact size in relation to ca- 


pacity. The clutches used in the 205 
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S-12 machine, for example, are only 
5” in diameter. 

Model DOC Clutches transmit up 
to 137 hp and up to 690 lb-ft of 
torque. Twin Disc engineers can show 
you how these oil-actuated clutches 
can be profitably applied to your ma- 
chines. Literature on request. TWIN 
Disc CLuTCH COMPANY, Racine, 
Wisconsin. Hydraulic Division, Rock- 


ford, Illinois, 
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when 
it 
comes 
to 
your 
product’s 
reputation... 


"OC T ? 
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Demand genuine Shakeproof® Live Action 


Lock Washers — never accept a substitute! It just doesn’t 
pay off. As a matter of fact, anything less than Shakeproof quality 
may pay you back in dissatisfied customers, lost business, extra 


The new symbol 
of Shakeproof quality in action! 


service time and factory rework. 

Live Action takes the risk out of fastenings. Shakeproof’s 
exclusive 3-way combination of multi-toothed line bite... built-in 
spring reaction that holds harder under stress . . . and bracing strut 
action—rigidly opposes loosening--assures a permanent fastening. 

Test-after-test proves Shakeproof Live Action locking superiority. 
You can prove it, too! Order a Shakeproof Sample Kit—we’ll send 
you a selection of Shakeproof Lock Washers to test as you see fit. 

Don’t pussyfoot. . .make tracks to Shakeproof for the lock washer 

as that never compromises your product’s reputation. 
a 
ORDER A SHAKEPROOF SAMPLE KIT ... prove 
superior Live Action locking yourself. Includes washer 
test samples and booklet with test data, information 


on all washer sizes and types including custom- 
designed ‘'Specials''. Write for yours. 


SHAKEPROOPF -rasteninc HEADQUARTERS” 


DIVISION OF ILLINOIS TOOL WORKS « St. Charles Road, Elgin, Illinois 
In Canada: SHAKEPROOF/FASTEX, Division of Canada Illinois Tools Ltd. 


Ww 67 Scarsdale Road, Don Mills, Ontario 
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Born to live a short life, 

this missile guidance component 

must perform as if it had to last forever! 
CDF molded this part under high 
pressure from glass fabric epoxy 
laminate to meet rigid military 
electro/mechanical requirements. 
Result: a panel with excellent 
electrical insulating properties and 
high mechanical strength that provides 
significant savings in space and weight, 


helps minimize vibration. 


WwW CONTINENTAL-DIAMOND FIBRE 


CONTINENTAL - DIAMOND FIBRE CORPORATION, NEWARK, DELAWARE ¢ A SUBSIDIARY OF THE Badd COMPANY 


80 Please direct inquiries to advertiser, mentioning MACHINE DESIGN MacHine DesIGN 





OHMITE 





48 you industry’s most complete line of 





16 Quality Engineering Features: 


. Vitreous enamel bonds the core and 
base together into one integral unit. 


. The wire is wound over a solid porce- 
lain core, and each turn is locked 
against shifting by vitreous enamel. Uni- 
form or tapered winding. 


. Close graduation of control. Each turn 
of wire is a separate resistance step. 


. Large, flat surface upon which the con- 
tact brush rides. 


. Metal-graphite contact brush (varied to 
fit current and resistance) insures good 
contact, with negligible wear on the 
resistance wire. 


. Shunt pigtail of ample size carries the 
current directly to the slip-ring. 


. Large slip-ring of high-current carrying 


ability minimizes mechanical wear and 
provides connection from the moving 
contact to the terminal. 


. Potentiometer use. The rheostats are 


provided with three terminals so they 
can be used as potentiometers or volt- 
age dividers. 


. High strength ceramic hub insulates the 


shaft and bushings from all live parts. 
All sizes will stand a 3000 volt a-c 
breakdown test to ground. 


. The contact arm is a long tempered 


steel spring which assures uniform con- 
tact pressure at all times. Cadmium- 
plated for corrosion resistance. 


. Rounded pivot holds contact brush in 


flush-floating contact with wire. 


. Stops which are keyed to the shaft and 


( 


LARGE RHEOSTAT 
DESIGN MODELS P, 
N, R, T, AND U: 225 
WATTS TO 1000 
WATTS, INCLU- 
SIVE. OTHER MOD- 
ELS ARE SIMILAR. 


base limit the rotation—thus no tor- 
sional strain is imposed on the contact 
arm on stopping. 


. Compression spring maintains uniform 


pressure and electrical contact between 
slip-ring and center lead at all times. 


. Models E, H, J, G, K, and L: End- 


thrust is taken by a retaining ring. 
Models P, N, R, T, and U: End- 
thrust is taken by a stop washer. Steel 
shaft in brass bushing provides a 
wear-resistant, wobble-free bearing. 


. Ohmite rheostats meet requirements of 


NEMA and EIA (formerly RETMA). 


. There are only ceramic and metal in the 


construction of Ohmite rheostats— 
there is nothing to char, burn, shrink, 
or deteriorate. 


* 


RELAYS + R.F. CHOKES 


OHMITE 
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| Another pump problem . . . solved by TUTHILL | 


TUTHILL PUMPS For Hydraulics, 
Lubrication in New Cincinnati 


Hydrashift Lathes 


maintenance. Their compactness solves design 
problems. . . for example the Model RFD above 
measures only 414” by 21%” by 315%” including 
shaft. Moderate prices and immediate availability 
from stock minimize inventory problems, result 
in significant savings. 


Cincinnati’s new Hydrashift lathes use hydraulic 
power instead of muscle for spindle speed shift- 
ing. Entirely new from headstock to tailstock, 
these dependable units reflect in every way the 
quality and reliability long associated with this 
leading machine tool manufacturer. 


» Cincinnati selected Tuthill pumps for two vital 
assignments . . . to provide hydraulic power for 
Hydrashift preselective speed shifting . . . and 
for positive pressure lubrication of the entire 
unit. Minor modifications of a standard Tuthill 
cartridge pump, Series RFD, enable it to meet 
the requirements of both applications . . . pro- 
viding interchangeability and allowing incorpo- 
ration of both units with the greatest possible 
ease on Cincinnati’s assembly line. 


Wide Selection Available From Stock 
Tuthill’s versatile and dependable cartridge 
pumps have been used for hundreds of applica- 
tions . . . both as OEM components and for 


Tuthill manufactures a complete Py, EE 


line of positive displacement ro- 
tary pumps in capacities from 1 
to 200 gpm; for pressures to 


1500 psi; speeds to 3600 rpm. YOUR PURPOSE 


Cartridge pumps can be supplied for capacities 
from 55 to 360 gph at 1800 rpm. They are avail- 
able with or without Tuthill’s special reversing 
feature which allows them to be driven from re- 
versing shaft or for nondirectional service. They 
may be supplied with internal or external porting 

. . or with variations of both. Three different 
standard shaft modifications are offered and many 
more are available. 


Send today for Catalog 100 which gives com- 
plete details . . . or send information on your 
particular application so Tuthill’s engineers can 
indicate ways in which a Tuthill pump can save 
you money. 


TUTHILL PUMP COMPANY 


953 East 95th Street, Chicago 19, Illinois & 
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Height overterminals of General Electric 
Size 1 magnetic starter is only 4% 
inches — shortest of all leading makes. 
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Measure the Space Savings Yourself 


This General Electric Size 1 Magnetic Starter saves as much as two inches of panel space, compared to other leading makes. 
Using these smaller G-E starters, you can reduce your panel sizes, with resultant savings in labor and material costs. It is 
often possible to use a standard enclosure where previously a larger, more costly special was required; or to make the 

panel an integral part of the machine instead of mounting it separately. Your G-E sales representative 

or distributor can show you other MEASURABLE ADVANTAGES of G-E magnetic starters. 

Call him soon, or write for Publication GEA-7020. Section 811-16, General Electric Company, 

Schenectady, N. Y. 


Progress /s Our Most Important Produet 


GENERAL @@ ELECTRIC 
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TubeXperience in Action 








Superior tubing makes pressures behave 


whether 125, 5000, 30,000 or 100,000 psi 


Superior small-diameter tubing makes pressures behave 
whether low, medium, high or super. Superior pressure tubing 
can be roughly divided into two groups: commercial pressure 
tubing for use in a range up to 20,000 psi; premium super 
pressure tubing to handle pressures from 15,000 to 100,000 
psi. Both ranges can be handled effectively by a number of 
different analyses, depending on service requirements. Typical 
applications for Superior general-purpose pressure tubing 
include pressure tools, machine tools, heat exchangers and 
condensers. Superior super-pressure tubing is found in hydro- 
genation process equipment, high-pressure autoclaves, and 
pilot plant installations in chemical and oil refining plants. 


All Superior pressure tubing offers many advantages. It helps 
prevent critical failures and downtime. It assures long service 
life, high fatigue strength, excellent corrosion and chemical 


resistance. In the range from 15,000 to 100,000 psi, Superior 
super-pressure tubing is a premium product. It is produced 
from specially selected raw materials. Inside surfaces are 
conditioned to remove fissures and other defects. During proc- 
essing, special degreasing operations are performed, and the 
inside diameters are conditioned to insure a clear, smooth 
surface. Two types are available: a single wall mechanical 
tubing and a double wall, or composite unit, made from two 
thinner tubes. It is produced in an annealed condition and in 
1% hard temper, and to mechanical properties specified by 
the customer. All Superior pressure tubing is 100% hydro- 
statically tested to recommended working pressures, and 
rigidly inspected for defects. 


We can probably help you with any tubing problem tnat may 
confront you .. . in pressure, super-pressure or other appli- 
cations. Contact us and feel no obligation. Superior Tube 
Company, 2010 Germantown Ave., Norristown, Pa. 


Syoeriir file 


The big name in small tubing 
NORRISTOWN, PA. 
All analyses .010 in. to ¥ in. OD—certain analyses in light walls up to 2 in. OD 
West Coast: Pacific Tube Company, Los Angeles, California e FIRST STEEL TUBE MILL IN THE WEST 
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Cleveland Speed Variator 
is the Best Answer to 
Precision Control 

of Variable Speed Output 


Advanced-designed Cleveland Speed Variators—available 
in 18 models ranging from fractional to 16 hp at 1750 input 
RPM-—accurately provides dependable, infinitely variable 
speed control. They give stepless speed over a full 9:1 
range—from \% to 3 times input speed. Instant smooth 
change of output speed can be adjusted by either manual, 
automatic or remote control. Precise adjustments are 
always made with accurate adherence to settings. 

Thousands of Variators are in daily use on such varied 
industrial equipment as cigarette-making machines, textile 
machinery, metalworking machinery, pharmaceutical 
equipment, transfer tables, conveyors and experimental 
and testing equipment of many types. 


Simple in Operation... 
Built for Long Life 


The Variator is an ex- 
tremely compact unit 
with input and output 
shafts in line, rotating 
in the same direction. 
It incorporates ample 
bearing support to 
carry overhung pulleys. 


ry 


& 


Power is transmitted from input shaft to output 
shaft through alloy steel driving balls which are 
in pressure contact with the drive discs. Rela- 
tive shaft speeds are adjusted by changing 
position of axles on which the balls rotate. 


Check these major Variator advantages: 


eAn extremely compact unit with input and output 
shafts in line and rotating in the same direction 


eAlmost any input speed up to 1800 RPM can be used 
—either clockwise or counterclockwise rotation 


e Rated for constant horsepower output over a 9:1 or 6:1 
range; or for constant output torque over a 6:1 range 


e Speeds infinitely variable over entire range of adjustment 


e No slippage—positive torque response mechanism ad- 
justs in direct proportion to the loads encountered 


e Long life and minimum maintenance due to absence of 
belts or complicated linkages 


eAmple bearing support for overhung pulleys on both 
input and output shafts 


Write today for free Bulletin K-200 containing detailed 
description, photographs, sectional drawings, rating tables 
and specifications. 


cmiane tee 6 ene ee CLEVE LAND 
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Eaton Manufacturing Company 


3287 East 80th Street + Cleveland 4, nD, »/ ok 22 
Gy VARIATOR 


= 
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t@tal retaining ring ideas 


ix ODToxs 


SINGLE TURN RINGS 
—for economy—light weight 
Internal or external rings provide 
positive positioning or retaining 
for light thrust applications. 


—) c— 9 


(¢ 


to help you cut cosis—improve product design and performance 








the unique 360° full-circle ring offers design 


and finishes from .375” to 48” diameter. 


7% 





DOUBLE TURN RINGS 
—medium—heavy—extra heavy duty 
Available in varied thicknesses—3 
standard series to choose from 
including the NAS 669/670 “deep 
groove” series. 


a 


MULTI-TURN RINGS 
—extra heavy duty—spacers 


Can be coiled to any diameter, any 
number of turns for heavy loading 
or as spacers. 


variations that open unlimited opportunities for new and 
improved designs. Available in a variety of materials 


SELF-LOCKING RINGS 
—one piece—positive locking 
Locking action keeps ring in groove 
under high rotational speed, vibra- 
tion, impact loading. 





RESILIENT RINGS—allow 
large tolerances—end play take-up 
Eliminate need for separate 
springs and washers—available in 
waved or dished designs. 


BALANCED RINGS 
—for critical balance operations 


Minimize dynamic balancing prob- 
lems on shafts with statically bal- 
anced rings— make ideal oil 
slingers. 


GROOVE GUARD RINGS 
—reinforce ring groove 


Single turn, high tensile strength 
rings greatly strengthen groove. 


REMOVAL NOTCHES 
—variety of end conditions available 
Rings can be supplied with removal 
notches, slots, tabs, or hooks — 
round, square, bevelled or tapered 
edges. 


Standard 


LEIPPI SOP 


Va 


Spirolox Rings have no lugs or projections — uniform wall allows 
installation with minimum clearance — no special tools are 
needed for installation or removal. Prototypes require no 

special tooling or set-up charges. Spirolox lends itself to deep 
groove design to withstand greatly increased thrust load. 
Covered by Government Specifications MIL-R-27426 for 

usage under Government contracts. Ramco engineers will be 

glad to work with you on the solution of difficult problems. 
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or—you may find the answer in 
the improved die-formed retaining ring. 


Circolox as well as Spirolox provides the answer to easy, 
lightweight, low cost assemblies and reduced manufacturing 
costs. Made in a variety of types and sizes for the smaller 
shaft and housing diameters. Check these Circolox features: 


@ ‘‘Deep-groove’’ design permits maximum thrust with minimum weight 
@ Easily installed or removed 
@ Available in a variety of materials 

Wide choice of finishes ‘available 

Always uniform in quality 

Meet Government and Industry Standards 
ee ee ee this FREE engineering manual brings you 
the complete tOtal 2 story! 


Contains full descriptions of Spirolox and Circolox 

Rings with complete design information 

and specifications. Write TODAY! 

a subsidiary of Thompson Ramo Wooldridge Inc. 
Box 513, Dept. B, St. Louis 66, Mo. 


manufactured by 


RAMSEY CORPORATION 
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48 years ago 
Mt. Vernon 
created this ‘movie star’ 


CASE HISTORIES FROM 
T. VERNON FILES 


...and here’s why the original die is still performing 


Back in 1912 in the days of the nickelodeon 
when the movie industry was in its infancy, the 
people who made Simplex theater equipment 
needed a quality die-casting job. They turned 
to Mt. Vernon for a die that would turn out 
the gear end for a hand operated film rewinder. 

That was Mt. Vernon’s 34th die. Yet even 
today, 48 years later, the original die continues 
to turn out these same gears without a single 
change. The movie industry still uses Simplex 
Film Rewinders, and Cinesound Service Cor- 
poration of New York who are the current 
manufacturers still rely on Mt. Vernon to 
produce the castings. 

The fact is that Mt. Vernon’s original 
die proved itself in actual use . . . despite all the 
myriad changes in die-casting techniques and 


machines since 1912. For our dies are built to 
give continuing top performance . . . backed 
by the stability and reliability of a firm that is 
already in its second half-century. 

When you are in the market for die cast- 
ings think first of Mt. Vernon. We have the 
abilities to make long lasting dies . . . we have 
the stability and reliability that insure de- 
pendable service . . . not for only a year, or ten 
years, but for 48 years and more if need be. 
Contact any of our Field Salesmen. They’re 
eager to help you also make a ‘Star’. 
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STAMFORD, CONNECTICUT 


FIELD SALESMEN MARIETTA, N. Y.: Mr. Burt J. Meldrum, Olanco Road 
: BALTIMORE, MD.: Mr. C. M. Gordan, 919 St. Paul St. PITTSBURGH, PA.: Mr. Andrew W. Anderson, 300 Pasadena Drive So. 
BROOKLYN, N. Y.: Mr. Robert V. Moore, 2317 Plumb 2nd St. STAMFORD, CONN.: Mr. Anker Anderson, Cascade Road 
(@) CLEVELAND, OHIO: Mr. Grant Eller, 6 East 194th St. VALLEY FORGE, PA.: Mr. G. T. McMaster, P.0. Box 115 
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BERYLCO 
INSPIRES NEW 
DESIGN THINKING 


—_— Bearing race cast from beryl- 
lium copper ingot: The choice of 
Berylco alloy on this investment cast- 
ing was easily made because its high 
fluidity provides good surface, close 
tolerances, excellent detail and the 
ability to cast thin sections. When 
added to the advantages of the alloy 
itself, like high strength and good wear 
resistance, it becomes easy to see why 
beryllium copper is being used more 
and more in several casting methods. 
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3% times actual size 
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[ ® Electrical connector of beryllium copper 
rod: By selecting a Berylco alloy, the designer met re- 
quirements for high conductivity, corrosion resistance, 
high contact force, and excellent resistance to creep. 
The connector also has enough yield strength to 
permit mis-alignment of the mating connector without 
loss of electrical contact. It is usable up to 300°F. 
Lead-in wires can be soft-soldered to the connector. 
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New advances in critical parts performance 


now possible The ever-widening and increas- 
ingly successful use of Berylco beryllium cop- 
per alloys is opening a whole new area of de- 
sign thinking on parts. The list of attributes 
in this amazing alloy reads like a Who’s Who 
of famous performance characteristics: good 
conductivity, high fatigue strength, non-mag- 
netic, high strength, unusual wear resistance, 
resistance to anelastic behavior, good corrosion 
resistance, excellent hardness, wide operating 
temperature range. Find out what these char- 
acteristics can mean to the parts you are now 
working on. Write for our latest BERYLLIUM 
COPPER BULLETIN. To assist you further, an 
experienced, knowledgeable staff of field and 
mill technicians stand ready to translate de- 
sign possibilities into performance realities. 


wi) THE BERYLLIUM CORPORATION 


® Reading, Pennsylvania 


Bellows of beryllium copper strip: 
The design engineer on this part knows a 
Berylco alloy is a fine choice because its low 
modulus of elasticity (approx. 18.5x10°) gives 
greater deflection for a given pressure change 
than other high strength alloys. And it has good 
fatigue strength with a yield strength that gives 
excellent usable movement range. 
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Nothing Venture, 


NGINEERING registration in 
the fifty states continues to 
increase. But even the quar- 

ter-million or so names now on the 
rolls represent a minority of quali- 
fied engineers. 

Total registration is the best in- 
dex available to the public—and 
to public officials—of the size of 
our profession. If we expect recog- 
nition as one of the influential 
professions, wouldn’t we have a 
stronger case if the registration fig- 
ures matched our true size more 
closely? 

Consulting engineers and engi- 
neers employed on public works, 
like doctors and lawyers, must be 
registered to stay in business or to 
hold their jobs. But this incentive 
doesn’t generally apply to engi- 
neers working in industry—the big 
majority. 

So, for most engineers personal 
conviction and individual initiative 
must replace economic incentive to 
register. 

Two brakes on initiative are pro- 


Nothing Win 


crastination and fear, and we sus- 
pect that many engineers, who are 
convinced and who would like to 
register, suffer from one or both. 
Isn’t it fear of our own perform- 
ance or reaction that often prevents 
our venturing into the unknown or 
untried situation—like that first 
public speech, or first airplane ride, 
or first donation to the blood bank? 

Fear of failing the professional- 
engineer examination may be hold- 
ing back some well-qualified engi- 
neers. They don’t know exactly 
what is expected of them or how 
they will perform. Lloyd Polentz, 
in his article overleaf, lifts the veil 
on what to expect. 

“Our doubts are traitors, and 
make us lose the good we oft might 
win by fearing to attempt.” Perhaps 
Lloyd’s article will help resolve the 
doubts and encourage the attempt. 








Are you qualified to get your professional-engineer's license? 


Could you pass the state examination? 
Chances are you wouldn't have to do much boning up. 


Outlined here are probable content 
and range of the exam— 

plus sample problems 

and suggested study references. 











Tz —— What to expect in 
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NGINEERING registration laws enacted by 

kK, the 50 states can be a boon to the engineering 

profession. Protection of the public welfare is 

the legal justification for registration. Since many 

LLOYD M. POLENTZ, P. E. designs, operations, or processes undertaken by the 
engineer today have public implications, engineer- 
ing comes under the police powers of the state. 
Legal registration of members of the engineering 
profession is an exercise of these police powers for the 
protection of the public health and the public safety. 
Such registration gives assurance that only those 
persons who meet specified educational and experi- 
ence requirements may practice engineering, Another 
benefit to the engineering profession is that these 
laws restrict certain uses of the title “engineer” 
to those who are legally registered. It is only through 
registration that the use of the title of engineer 
can be restricted to those who are qualified to use it. 
In recent years, examinations given by the differ- 
ent states have been brought into closer conformity. 
True, some states give examinations more difficult 
than others, and the emphasis in different states is 
not the same. By and large, however, the same gener- 
al subjects are emphasized and the same types of 
problems are given. It is possible today to forecast 
with reasonable accuracy what, in general, the 
examinee may be confronted with in the funda- 


Engineering Consultant 
Whittier, California 
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mentals portions of the different state examinations. 

There are still two major differences between 
groups of states. One is that some states make copies 
of past examinations available and others do not. 
The other is that some states have closed-book 
examinations while others are open-book. These 
practices seem to make little difference in the subject 
coverage or in the type of problem offered. 

To aid engineers who wish to become registered, 
this article reviews past examination coverage and 
attempts to forecast future coverage. It itemizes sub- 
jects for review to aid the interested engineer to 
prepare for the first part of the professional engi- 
neer examination. Also included are suggested texts 
for home study. 

Content here is based upon review and analysis 
of the fundamentals portions of examinations as 
given by 35 different states over a three-year period. 
Information given applies generally to all of these 
examinations and probably to all of the fundamentals 
examinations as given by the different states. It will 
probably not apply specifically to any one examina- 
tion given by any one state. 

A source of specific information is the state board 
of registration for professional engineers. In any 
given state it is the only source of official informa- 
tion, 
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A correspondence course available from the Uni- 
versity of California covers the eight listed subjects. 
Its purpose is review for the exam. 

The subject matter covered in fundamentals ex- 
aminations can be divided into nine different gen- 
eral categories: Mathematics, mechanics, fluid me- 
chanics, thermodynamics, mechanics of materials, 
electricity and electronics, chemistry, engineering 
economics, and physics and miscellaneous. Each 
of these subjects will be examined. In this discussion, 
reference to “the examination” will mean the com- 
posite of all the examinations reviewed. 

Also included is an estimate of the relative em- 
phasis placed on the particular category in the 
examination. This emphasis has been estimated from 
the number of problems included in each category 
in the examinations reviewed, except portions cover- 
ing physics and miscellaneous which may vary from 
zero to perhaps 10 per cent in different states. 


Relative emphasis 11 per cent 

Mathematics must be considered in two lights. First 
there is that portion of the examination which is 
devoted to mathematics, per se, and then there is 
the mathematics required for working the problems 
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in the other categories. A good working knowledge 
of algebra, geometry, and trigonometry will be suf- 
ficient to solve the bulk of the engineering prob- 
lems, though some knowledge of calculus is oc- 
casionally helpful. That portion of the examination 
which is devoted exclusively to mathematics covers 
the range from algebra to calculus. 

The algebra requirement includes factoring, solu- 
tion of quadratic equations, and simultaneous equa- 
tions. Logarithms and exponents have received a 
fair amount of emphasis, and the theory and me- 
chanics of logarithmic calculations should be under- 
stood. Trigonometry should be reviewed rather thor- 
oughly. Some of the more basic relationships covered 
are: 1. The signs of the functions in the various 
quadrants. 2. The definitions of the various func- 
tions and their relationships to one another, and 
the basic right triangles. 3. Law of sines and the 
law of cosines. 

Most of the trigonometry required will be en- 
countered in working problems in categories other 
than that of mathematics but there are usually a 
few problems in trigonometry alone. Many examina- 
tions also include a surveying problem or two which 
are primarily problems in trigonometry. Problems 
in analytic geometry are frequently included. 

The calculus requirement includes calculations of 
maxima and minima, areas, evaluations of inde- 
terminate fractions (the rule of L’Hospital), values 
of integrals, etc. 


Example 1: The length of a rectengle is three times its 
If length and breadth are each increased one ft, the 
Find the dimensions of 


width. 
area will be increased 21 sq ft. 
the rectangle. 





Example 2: Find M if 
logs M = loges4 
Example 3: Solve by logarithms 
X = 5.29 (0.896) 0-435 


Example 4: The sides of a certain triangle are 60 in., 
80 in., and 100 in. Calculate: a. The radius of the inscribed 





circle. b. The radius of the circumscribed circle. c. The 
area of space outside the inscribed circle but included in 
the triangle. 


Example 5: The equation of a parabola is 
y? = 16x 


Find the equation of a chord through the points on the 
curve whose abscissas are | and 4 and whose ordinates are 
positive. 


Example 6: A cylindrical tank having a flat top and 
bottom is to have a capacity of 10,000 cu ft. What should 
be its diameter and length if the surface area is to be a 
minimum? 


Example 7: If x approaches zero in the expression 


523 — Cos x + ez 


then what does y approach as a limit? 


Relative emphasis 23 per cent 


Mechanics is ordinarily weighted the heaviest of 
all the subjects covered. The material covered can 
be divided into three general subdivisions—statics, 
friction, and dynamics. 


Statics: The summation of all forces and of all 
moments must equal zero, These conditions are both 
necessary and sufficient. A very helpful relationship 
to keep in mind is that any three forces which are 
in equilibrium must be coplaner and must also be 
either parallel or concurrent. If there are four or 
more forces, use resultants to reduce the number of 
forces acting to three. A sketch will usually be of 
considerable help both as a rough check and to 
clarify the method of analysis. Truss problems are 
common in this category and the applicant should 
be acquainted with both the method of sections and 
the method of joints. 


Friction: Friction problems cause so much trouble 
that the subject is being considered separately. If 
the concept of friction angle is applied to the fric- 
tion problem and the equivalert frictionless system 
constructed it can be treated by the methods of 
statics and usually solved with no great difficulty. 


Dynamics: The applicant should remember the 
basic equations of motion, Newton’s first law, the 
formula for normal acceleration of a revolving body, 
and the momentum relationships. In dynamics, the 
application of the d’Alembert principle permits a 
problem in dynamics to be reduced to a problem 
in statics and simplifies the solution considerably. 


Example 1: Vertical force W acts at point D and hori- 
zontal force 2W acts at point G on the truss shown. 
Assume that all joints are pinned and that points A and B 
are at the same elevation. Determine the reactions at A 
and B. Also determine the forces in members EC, EF, FC, 
BG, and BH, and whether they are in tension or compres- 


sion. 
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Example 2: What force F is required to move weight W, 
where W = 2000 |b; @ 15 deg; u 0.20 for all surfaces. 


4 
a 
T 


Example 3: A golf ball leaves the tee at an angle of 
30 deg with the horizontal and at a speed of 100 ft per 
sec. Neglecting air resistance, how far will it travel in a 
horizontal direction? 


Relative emphasis 14 per cent 


Bernoulli’s equation is perhaps the most important 
single relationship in fluid mechanics. 

Archimedes principles of buoyancy and the loca- 
tion of the center of pressure are also of importance. 
The examination is apt to call for knowledge about 
friction loss in a pipe line as well as hydraulic 
radius, Reynolds Number, and the Manning equa- 
tion for open channel flow. 


Example 1: A venturi meter with an 8-in. throat is in- 
stalled in a 12-in. diam horizontal water line. When a 
mercury manometer shows a 6-in. differential height in 
the mercury level between the upstream tap and the throat 
tap, what is the flow in gpm? Assume a venturi coefficient 
of 1.00. 


Example 2: What force is acting, and what is the loca- 
tion of the center of pressure, on a vertical rectangular 
gate whose center is 20 ft below the surface of the water. 
The gate is located in a dam and is 4 ft high and 6 ft wide. 


= 


Example 3: What will be the flow in a rectangular flume 
1.00 ft wide carrying water 2.00 ft deep if the flume drops 
6 in. every 100 ft. The Manning coefficient is 0.013. 


Example 4: If the friction factor in a 6-in. diam pipe is 
0.025, how much water will flow through a 1000-ft length 
of this pipe which leads from a reservoir whose surface 
is 50 ft above the discharge end? Neglect entrance losses. 
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Relative emphasis 17 per cent 


The general energy equation is useful in the 
solution of thermodynamics problems and should 
be reviewed. The universal gas law should also be 
understood as well as the different processes and the 
commoner cycles, particularly the Carnot cycle. 

Relative humidity, wet bulb, and dry bulb-tem- 
peratures, and the dew point of air are sometimes 
mentioned, and problems in heat transfer are often 
included. The differences between the three types 
of heat transfer should be reviewed and the general 
heat-transfer equation remembered. 


Example 1: A centrifugal compressor pumps 100 lb of 
air per minute from 14.7 psia and 60F to 50 psia and 
270F by an irreversible process. The temperature rise of 
50 lb per min of circulating water about the casing is 12 
deg. What horsepower is required? Neglect any changes 
in kinetic energy. 


Example 2: It is desired to obtain a lifting force of 2 
tons in a balloon when the atmosphere is at 50F and 14.7 
psia and when the gas in the balloon is at atmospheric 
pressure but at a temperature of 65F. a. How many cu ft 
of helium would be needed? b. How many cu ft of hydro- 
gen? 


Example 3: Draw a pressure-volume diagram and a tem- 
perature-entropy diagram for a Carnot cycle. What is the 
thermal efficiency if the cycle operates between 900F ard 
100 F? 


Relative emphasis 9 per cent 


The most important single subject in this section 
is beam analysis including stress, and shear and 
moment diagrams. Other important topics are the 
stress-strain relationship and the relationship for 
thermal expansion, Problems in torsional stress are 
also met occasionally. 

Rivet problems are relatively common and in 
these it should be remembered that the total force 
on each rivet is the vector sum of the force due to 
the load plus the force due to the resisting moment 
taken about the centroid of the rivet area. 


Example I: Draw the shear and moment diagrams of 
the beam shown below. 


2000 Ib 
i mh 
200 Ib/ft y 
= ft—>+=- 10 vie > 


What is the maximum stress if the beam is 2 in. wide and 
6 in. high? 


1000 Ib 


Rivets 3 in diam 





STUDY REFERENCES 


The texts recommended are those which the author has 
found to be of help in those portions of the subjects em- 
phasized in the fundamentals examinations. These are not 
necessarily the best texts available; no attempt has been 


made to review all of the available texts. 


Mathematics 


1. P. G. Andres, H. J. Miser, and H. Reingold—Basic Mathematics 
for Science and Engineering, John Wiley & Sons Inc., New 
York 1955. 


H. M. Bacon—Differential and Integral Calculus, McGraw-Hill 
Book Co. Inc., New York, 1955. 


W. A. Granville, P. E. Smith, and W. 
of Calculus, Ginn & Co., New York, 1946. 


G. &. b Sherwood and A. E. Taylor—Calculus, Prentice-Hall 
Inc., Englewood Cliffs, N. J., 1954. 


R. Longley—Elements 


Mechanics 


5. F. P. Beer and E. R. Johnston Jr.—Mechanics for Engineers, 
McGraw-Hill Book Co. Inc., New York, 1957. 


A. Higdon and W. B. Stiles—Engineering Mechanics, Prentice- 
Hall Inc., Englewood Cliffs, N. J., 1955. 

J. L. Meriam—Mechanics, John Wiley & Sons Inc., 
1959. 


F. B. Seely, N. E. Ensign, 
chanics for Engineers, John Wiley & Sons Inc., 
1952. 


New York, 


and P. G. Jones—Analytical Me- 
New York, 


Fluid Mechanics 
9. J. K. Vennard—Zlementary Fluid Mechanics, John Wiley & Sons 
Inc., New York, 1954. 


10. R. L. 
McGraw-Hill Book Co. Inc., 


Daugherty and A. C. Ingersoll—Fluid Mechanics, 
New York, 1954. 


Thermodynamics 


11. V. M. Faires—Applied Thermodynamics, The MacMillan Co., 


New York, 1947. 


12. E. F. Obert—Thermodynamics, 
New York, 1948. 


McGraw-Hill Book Co. Inc., 


Example 2: What are the shearing stresses in the rivet 
section shown (previous page) ? 


Relative emphasis 15 per cent 


Ohm’s law, and internal resistance of batteries 
and instruments should be understood as well as 
Kirchhoff’s laws and resistances in series and parallel. 
The applicant should also be able to handle simple 
L-C-R___ (induction-capacitance-resistance) circuit 
analysis of both series circuits and parallel circuits. 
It is desirable to be acquainted with the complex- 
number method of circuit analysis and to review 
the construction of phasor diagrams. Three-phase 
circuitry is also encountered occasionally and an 
applicant should know the difference between line 
current and phase current, and line voltage and 
phase voltage. Motor and generator theory should 
be reviewed to be on the safe side, particularly 
series and shunt-wound motors. 


94 


Mechanics of Materi«ls 


13. E. P. Popov—Mechanics of Materials, Prentice-Hall Inc., Engle- 
wood Cliffs, N. J., 1952. 


14. F. B. Seely and J. O. Smith—Resistance of Materials, John 
Wiley & Sons Inc. New York, 1956. 


15. F. R. Shanley—Strength of Materials, McGraw-Hill Book Co., 
Inc., New York, 1957. 


Electricity and Electronics 
16. W. H. Erickson and N. H. Bryant—Electrical Engineering 
Theory and Practice, John Wiley & Sons Inc., New York, 1952. 


17. A. E. Fitzgerald and D. E. Higginbotham—Basic Electrical 
Engineering, McGraw-Hill Book Co. Inc., New York, 1957. 


Chemistry 


18. P. R. Frey—College Chemistry, Prentice-Hall Inc., Englewood 


Cliffs, N. J., 1958. 


19. M. J. Sienko and R. A. Plane—Chemistry, McGraw-Hill Book 
Co. Inc., New York, 1957. 


Engineering Economics 
20. E. L. Grant and W. G. Ireson—Principles of Engineering Econ- 


omy, Ronald Press Co., New York, 1960. 


General References 


21. J. D. Constance—How to Become a Professional Engineer, 
McGraw-Hill Book Co. Inc., New York, 1958. 


22. L. M. Polentz—Engineering Fundamentals for the Professional 
Engineer’s Examination, McGraw-Hill Book Co. Inc., New York, 
to be published in 1961. 


Example 1: A bank of three transformers is to be con- 
nected to reduce the voltage from a three-phase, 12,000-v 
(line to line) distribution line to supply power for a small 
irrigation pump driven by a 440-v induction motor. A 
wye connection will be used for the primary and a delta 
connection for the secondary. a. What should be the primary 
voltage of each transformer? b. What should be the sec- 
ondary voltage rating of each transformer? 


Example 2: Find a. Magnitude of the in-phase component 
of the line current. b. The magnitude of the line current. 
c. The magnitude of the power delivered to the circuit. 
d. Draw the phasor diagram. 





A 


| 
| 
| 


120 v 
60 cycles 
| x, 








Example 3: A battery with an emf of 4.0 v and an in- 
ternal resistance of 0.15 ohms is connected to three 6.00- 
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ohm resistors in parallel. Connected in series in the circuit 
is an ammeter with an internal resistance of 0.05 ohms. 
What current does it read? 


Relative emphasis 8 per cent 


Balancing equations and determining the weights 
of reactions are two of the important topics in this 
section. Dalton’s law of partial pressures is also of 
prime importance. The universal gas law, Avogadro’s 
law, and vapor pressure are other subjects which 
should be reviewed. 


Example 1: What is the composition in volume per cent 
of the gases obtained from burning FeS, with 50 per cent 
excess air, assuming all the iron goes to Fe,O, and sulfur 
to SO,? 


Example 2: Propane (C,H,) is completely burned in air 
with carbon dioxide and water being formed. a. What is 
the air-fuel ratio? b. If 15 lb of propane is burned per 
hour, how many cu ft per hour of dry CO, is formed after 
it has cooled to 70F at atmospheric pressure? 


Relative emphasis 3 per cent 


Most of the problems in this category deal with 
the return from an investment or the cost of a 
given investment. Some states specify straight-line 
depreciation and average interest, Others require 
use of capital-recovery factors or shrinking fund 
calculations. As a minimum of preparation, it is 
also advisable to know the compound interest law 
and how to apply it. 


Tips and Techniques 


Example I: A certain type of automatic milling machine 
can be purchased for $6500.00. Expert estimates indicate a life 
of 10 years and $500.00 salvage for this particular machine. 
Use the sinking-fund method for depreciation charges and 
calculate total annual capital recovery charges which include 
return on capital on this machine when interest is: a. 4 per 
cent. b. 6 per cent. 


Example 2: A steam power plant costs $1 million now. 
It has a life expectancy of 40 years, and its estimated sal- 
vage value is $190,000. The operating cost of the plant is 
$30,000 per year. At 6 per cent rate of interest what is the 
annual: a. Straight-line depreciation? b. Average interest 
on the investment? c. Total cost? 


Example 3: How long would it take $187.00 to double at 
6 per cent annual interest: a. Compounded yearly? b. Com- 
pounded quarterly? 


Most of the physics problems are ones in me- 
chanics, thermodynamics, or another of the categories 
already covered. Occasionally an examination may 
also include a problem or two on light, sound, or 
atomic physics. These are not common, however, 
and this category is so broad that no specific recom- 
mendations for preparation can be made other than 
to review any good college physics text. 

An occasional drafting problem is also included. 
These are usually problems in projection and a re- 
view of descriptive geometry is a good preparation 
for these. 


ACKNOWLEDGEMENT 


This article is based upon a portion of the author’s forth- 
coming book, Engineering Fundamentals for Professional- 
Engineers’ Examinations to be published soon by McGraw- 
Hill Book Co. 





Arc Through Three Points 


To draw a circular arc through three points so 
located that usual construction methods are imprac- 
tical, use the following point-by-point method. 

With A, B, and C as the three given points, 
through A draw b and c¢ perpendicular to BA and 
CA, respectively. Draw any perpendicular, a, to 
BC; a then intersects b at B’ and c at C’. Lines 
BB’ and CC’ intersect at a point A’ on the required 
arc. To obtain another point, for example A”, 
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either the construction is repeated using A’ instead 
of A, or line a is repositioned—Paut PayeETTE, 
Montreal, Quebec, Canada. 


Multiplying by Pi 


To obtain seven-place accuracy when multiplying 
by =z, use the following approximation: 


Example: Find the length of the equator. The 
earth’s diameter is 7926.68 miles. 


1 1 1 
7 800 70,000 
SoLuTION: 7926.68 x 3 = 23,780.04 
= 7= 1,132.38 
- 800 = 9.90 
+ 70,000 - 0.11 


Performing the addition and subtraction indicated 
in Equation | gives the solution, 24,902.41 miles — 


Dieter K. Scumwwr, San Jose, Calif. 
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scanning the field for ideas 


Air film controls clearance 
between a recording head and wheel. 
Air, dragged around by the wheel, sup- 
ports the pivoted head against spring 
To prevent the head from 
wheel 


loading. 


touching when the stops, a 


spring-loaded vane holds the head away 


Vane 
ng 
Vane arm 
i Wheel 
Head 


Inoperative Position 


Coil spri 








y 


from the wheel. When the wheel is 
turning, air drag forces the vane away 
from the wheel to release the pivoted 
head. Air-film support principle em- 
ployed in a data recorder developed 
by NV Philips’ Gloeilampen-fabrieken, 
Eindhoven, Holland. 


: 


Position 


Stop 
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Water jacket 


Hot venturi 
pressure taps 


Pneumatic pyrometer gages gas 
temperature by measuring change in gas 
density. A continuous sample of hot gas 
is cooled by a water jacket. Temperature 
of the hot gas is proportional to that of 
the cooled gas multiplied by the ratio of 


Shimless “shimming” positions piv- 
oted block to obtain high adjustment ac- 
curacy. To provide a specified clearance 
between the sensing rod and the rotating 
drum, a feeler gage is inserted between 
the outer end of the bar and the mount- 
ing plate. The sensing rod is placed against 
the drum, and clamped to the pivoted bar. 
Then the gage is removed and the bar piv- 





Sensing rod 











Rotating 
drum 





Cooling water 


F Thermocouple 
Cold venturi f 
pressure taps 














Thermal insulation 


pressure drops across the two venturis. 
Thus, the hot gas temperature can be de- 
termined by thermocouple measurement 
of the cooled gas temperature. Principle 
employed in pyrometer developed by At- 
lantic Pyrometers Inc., Hawthorne, N. J. 


oted so that the outer end touches the 
mounting plate. Clearance between the 
rod and the drum equals the feeler gage 
thickness divided by the ratio of dimension 
b to a. Lever ratio principle for increased 
measuring accuracy employed in a mag- 
netic drum system developed by Magne- 
Head Div. of General Instrument Corp., 


Hawthorne, Calif. 


Clamping screw for sensing rod 


Feeler gage 
inserted here 


Mounting plate 
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SCANNING THE FIELD FOR IDEAS 


Face-cam regulator 
adjusts V-belt squeeze in 
proportion to belt tension. 
The split cone sheave is 
driven through housing 
caps attached to the shaft. 
A cam follower is provided 
on the outer end of each 
half of the sheave. Match- 
ing face cams are included 
on each of the housing 
caps. Thus, any change in 
belt tension causes relative 
motion of the sheave and 
caps. The lateral compo- 
nent of this motion adjusts 
the squeeze on the belt. 
Principle employed in a 
sheave by Heinrich Desch 
GmbH, Neheim - Hueston, 


Germany. 





















































Paired tape pulses measure shaft speed, torque, and power. A reference 
frequency is recorded directly on the tapes while the shaft is rotating at no load. 
This magnetization induces voltages in the pick-up heads. The phase relation- 
ship of the voltages measures the angular twist (or torque) under load, while 
the frequency of the voltages measures shaft speed. The two values are com- 
bined to indicate power transmitted. Principle employed in a power meter de- 


veloped by Sierra Research Corp., Buffalo, N. Y. 


Magnetic pick-up head 


es 


oe 


Drive motor 
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For maximum torque 
capacity at minimum 


weight... 


The 
Prestressed 
Shaft 


W. E. CAWLEY 

Engineer 

General Electric Co. 

Hanford Laboratories Operation 
Richland, Wash. 


As a torsion member, the conventional 
solid shaft is relatively inefficient. Outer 
fiber strength limits the torque capacity 
while inner fibers are not nearly stressed 
to the same limit. 
Shafts made up of prestressed concen- 
tric tubes provide an effective means of 
approaching ideal conditions of stress dis- 
tribution. Basic concepts and advantages 
of this shaft design are outlined in this 
article. 
(0) 
Fig. 1— Prestressed concentric-tube 
shaft showing, a, shaft components 
A SHAFT made up of a series of prestressed = prestress torque — b, 
concentric tubes can resist up to 33 per cent dias aie week & sabeaaed, wi a 
more torque than a solid shaft of the same 
outside diameter and material. Moreover, a_pre- 
stressed shaft with the same torque capacity and 
OD as a solid shaft can be designed to weigh up 
to 40 per cent less than the solid shaft. 
In a conventional shaft, shear stress varies linear- 
ly from a maximum at the outer fibers to zero at 
the shaft center. In a prestressed concentric-tube 


February 2, 1961 





THE PRESTRESSED SHAFT 


Fig. 2— Concentric-tube 
shaft discussed in exam- 
ple, showing  prestress 
angles @. 


shaft, however, stress distribution approaches the 
ideal condition where all fibers in the shaft are equal- 
ly stressed. Thus, nearly the full strength of the shaft 
material can be used to resist torque. 

Prestressing of a concentric-tube shaft is accom- 
plished by twisting each tube through a given angle, 
6, Fig. la, so that all sections of the shaft are sub- 
jected to the same maximum shear stress at design 
load. Thus, angle 6 increases as the tube diameter 
decreases. This angle may be calculated from the 
basic relationship 


8,L 
(1) 


For a shaft of a given length and material, either 
solid or hollow, 6c  S,. If the stress, S,, is held con- 
stant, Oc = K. 

The concentric-tube assembly can be prestressed 
by using this procedure: 

1. The concentric tubes are assembled, and rigid- 
ly fastened together at one end by welding or some 





Nomenclature 





c Distance from geometric axis to outer fiber, in. 


Inside radius of shaft, in. 
Outside diameter of shaft, in. 
Rod diameter, in. 
Modulus of rigidity, psi 
Polar moment of inertia, in.* 
Length of shaft, in. 
Outside radius of shaft, in. 
Maximum shear stress, psi 
Resisting torque in a solid shaft, lb-in. 
Resisting torque in a concentric-tube shaft, Ib-in. 
Distance from shaft center to incremental area 
dA, in. 
- Angle of twist, deg 











other suitable method. 

2. While this end of the shaft is held stationary, 
each tube is twisted through the calculated angle 4, 
Fig. la. 

3. While the shaft components are held in the 
fully stressed position, they are fastened by some 
suitable method, such as welding or pinning, so that 
they maintain their relative positions. 

4. The applied torque is released. The shaft com- 
ponents then assume their prestressed condition, 
Fig. 1b, with the outer fibers stressed in one direc- 
tion and the inner fibers stressed in the opposite 
direction. 

ExamMpPLe: Assume a shaft is made up of nine concentric 
tubes of equal wall thickness, and a central rod. What is 9 
for each shaft component? Material is steel. The shaft is 
15 ft long, and has a 10-in. OD. Wall thickness of the 
tubes is 0.5 in., and the central rod has a one-in. OD. 
Assume Sz 100,000 psi, and G LhS X 10. 

Calculating @ by means of Equation | yields the values 
listed in Table 1. Fig. 2 illustrates how this shaft is pre- 
When full design torque is applied to the shaft 
in service, the components will return to the maximum stress 
position, Fig. la. 


stressed. 


Basic Relationships: In a solid shaft, shear stress 
is zero at the axis and increases in direct proportion 
to the distance from the axis. In Fig. 3, stress 
at incremental area, dA, is (v/c) S,, where S, is the 
outer fiber stress. Force exerted by this stress is 
v/e S, dA. Moment of this force about the shaft axis 
is (v?/c) S, dA. By summation of moments, 


© 2 S, c S, 
T; -S,dA “C44 = iJ 
c Cc c 


0 0 


For a solid shaft, ] is (+/2) c*. Thus, 


TS, 
T; c4 
2c 


If all of the shaft fibers are uniformly stressed, 
as in an ideal concentric-tube shaft, the incremental 
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force becomes S, dA. Moment of this force about the 
shaft axis is vS, dA. 


The sum of the moments is: 


T2 sf vdA 


Thus, for a uniformly stressed shaft, resisting torque 


T2 is 


For the two shafts, ratio of the resisting torques is 


T2 (27/3) 8,c 


+ eres a = LOSS 
T; (7/2) 8,3 


Since this 33 per cent increase in torque re- 
sistance is based on an ideal stress distribution, it 
would be possible only if the shaft were made from 
an infinite number of concentric tubes. For the ex- 
ample shaft design, which uses nine tubes and a 
central rod, the gain in torque capacity is somewhat 
less than 33 per cent. This gain may be readily 
calculated by summing the torques resisted by each 
component. 


T2 


= Tig* F 
a 110° 


T9 


From this summation, T./T; 2.433/1.960 
1.24, a 24 per cent increase in torque capacity. 

If a shaft is made up of a central rod and a single 
sleeve, the increase in torque capacity is a function 
of the ratio of rod diameter d to sleeve diameter D, 
Fig. 4. Maximum gain in torque capacity—about 
10 per cent—is obtained when d/D = 0.8. 

One limitation of prestressed shafts should be 
kept in mind. The capacity of such shafts is reduced 
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Fig. 3—Incremental area and dimensions 
for analysis of the torque-carrying capac- 
ity of a solid shaft. 


Fig. 4—Ratio of T,/T, as a function of 
d/D for a prestressed shaft made up of 
a sleeve and a central rod. Maximum 
gain in torque capacity is obtained when 
the ID is 80 per cent of the OD. 














if torque is applied in a direction opposite to that 
in which the components were originally twisted for 
prestressing. 


Advantages: Weight savings of approximately 40 
per cent are theoretically possible when a prestressed 
concentric-tube shaft is substituted for a solid shaft 
of the same OD and torque capacity. Again, this 
is an ideal situation possible only if the prestressed 
shaft were made up of an infinite number of tubes. 

For a solid shaft and a prestressed concentric- 
tube shaft of the same OD and torque capacity, 
Te 3. Then, 


or 
“i 


2 


7 


-8,c = ——§8,(c8 — c5) 

3 
and c; = 0.63 c. Corresponding weight saving is ap- 
proximately 40 per cent. 

For the shaft design detailed in Table 1, the 
four outer tubes (ID = 6 in.) are capable of carry- 
ing 98 per cent of the torque resisted by a solid 
shaft of the same diameter and material. 





Table 1—Prestress Angles 


D 6 D 4 
(in.) (deg) (in.) (deg) 
( 9 - 17.8 

10 22 

11.2 - 30 

12.9 45 


14.8 90 


























Design equations and 


graphs for finding the 


dynamic response of.. 














velocit 
FP pence 





t ITH increased emphasis on higher speeds 


of 

t=To| carn follower” W in present mechanisms, the designer must 
ont rida tine di com think in terms of lightweight elements 

which have a high strength-to-weight ratio. 
Also to be considered are the vibrational char- 
Fig. sn basic _ configu- acteristics of the mechanism. At low speeds, damp- 
a ing and friction usually keep disturbances arising 
from induced vibrations to a negligible value. How- 





For high-speed or highly elastic 
cam systems, so-called cycloidal 
motion is the growing favorite 
bias hry mat among the common motion 
Research Center curves. Although it imparts a 
va oe, higher acceleration to the fol- 
lower, dynamic response of the 
driven mass is generally less 
severe. 
However, predicting the spe- 
cific vibration characteristics of 
a design is no easy task. Here, 
all worked out, are equations 
and graphs for the response of 
dwell-rise-dwell systems driven 
by cycloidal-motion cams. 
What happens during the 
planned rise time can be deter- 
mined quickly—and oscillations 
remaining after the rise can 
also be found. 
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ycloidal-Motion Cam Systems 


ever, as speed is increased, induced vibrations be- mining quantitative values of the vibrational effects 
come more noticeable and in many cases affect of cam and follower systems which are of the dwell- 
proper cyclic operation. Also, internal stresses may __ rise-dwell type and have a cycloidal-motion input. 
cause rupture of the mechanism. 
Cycloidal motion has gained wide acceptance as The Basic Configuration 
one input motion that yields relatively low vibra- 
tional effects in high-speed mechanisms. Most cam and follower systems can be expressed 
This article presents an analytical method of deter- _in the manner shown in Fig. 1. 





Table 1—Equations for Cycloidal-Motion Cam Input and Driven-Mass Output 











— Driven-Mass Output - 
During Rise (0 < t < 1) 


After Rise (ti > 1) 


Displacement 


(sin 2 V1 —cos27r 
(I= 7?) V2ar(r2 — 1) 








l 
ae sin 27 rt ) cos(27 rt; + Tr) 
a 


Velocity 


V2(1 — cos27r 


Pe] 


x 








dyo 
= = 1-—cos27! ——cos27rt sin(27rti + Tr) 
t ae 


Acceleration 





2V27rV1—cos27r 


a a 








d* yo 
7 = 27 sin2Tt cos(27 rti + Tr) 
{* 
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CYCLOIDAL-MOTION CAM SYSTEMS 





Newton’s second law states that, if an unbalanced 
force acts upon a body, the body will be accelerated, 
or 

F ma (1) 
Substituting the parameters from Fig. | into Equa- 
tion | leads to 


(Yo — y)k ( —— —— (2) 


Finally, 


a w ) @y ee sis 
kg at? 

Equation 3 holds at all times. But with a high 
linkage spring rate k present in the system, Equation 
3 reduces to y = Yo for all practical purposes. The 
instantaneous displacement path of the driven mass 
then reproduces that of the cam follower. 

In highly elastic systems, however, this happy 
simplification is not realistic. For example, in a high- 
speed, remote-control device; where some distant 
body is under mechanical control of a master ac- 
tuating mechanism via a long steel tape or wire 
system, the output does not faithfully reproduce the 
input displacement path due to the springiness of 
the connecting member. Predicting the behavior of 
such a system requires that an expression be derived 
for the output in terms of the input. Equation 3 
must be solved for y in terms of yo. 

The Laplace transform presents a convenient 
method for solving this problem. Details of the 
method are not included here but the results are 
applied to the cycloidal-motion profile. 


The Cycloidal-Motion Curve 


Cycloidal motion is one of the more frequently 
used motions utilized for cam followers today in 
high-speed mechanisms. It is gaining favor over the 
constant-acceleration and simple-harmonic curves 
which are satisfactory over the lower-speed spectrum. 
But in the upper register, due to their instant ap- 
plication of acceleration, they are to be avoided. 

The general displacement equation for cycloidal- 
motion input is 


( 
Yo 
2 uu 


Output Motion during Rise 


Applying the Laplace-transform method to Equa- 
tions 3 and 4 leads to the following equation for 


Fig. 2—Actual motion characteristics of the 
driven mass for r=2, compared with the fol- 
lower displacement at the cam surface during 
the cam-rise time. Parameter r is the ratio of 
cam-rise time to the period of natural vibra- 
tion of the system. 


Displacement 


Acceleration 


y=t-0.212 sin 27 f+ 0.27 sin 497 ¢ 
Actual displacement of driven mass 


47 t+ 0.159 sin 2717 


Displacement at the cam 
surfoce 





ZL - 11.33 cos 211 +0333 cos 411 
Actual velocity of driven mass 


“ 


dy 
a. Oe 
z l-cos 27 


Velocity ot the cam 
surface 











2 
LY .9.36 sin 2777-418 sin 4777 


Actual acceleration of driven mass 


a’y 
— =6.28 sin 27+ 


Acceleration at the cam 
- Surface 














Displacement 


Displacement 


output displacement, the displacement of the driven 
mass: 
r2 
ee 


2a(1 — 2) 


27 
—— sin —— rt ) 
r3 T 


where r = ratio of cam-rise time T to natural-vibra- 
tion period P,, of the system. 





y=t-OA7TZ sin 2nt+0.004 sin Trt 


Displacement of driven moss 


a* t-0,159 sin 2nr7 


Disptacement at the 
cam surface 





Symbolically, 





T--_— 


P, = ——— (7) 


tS 
w 


For convenience, Equation 5 is restated in terms of 


y =1-0.008 cos (7rt, + 3:57) 


Residual oscillation after 
the cam rise 


Fig. 3—Actual displace- 
ments of the driven mass 
for r=3.$ during and 
after rise time, compared 
with follower _ displace- 
ment at the cam surface. 
The maximum amplitude 
of _ residual vibration is 
0.8 per cent of the total 
cam rise. 








Fig. 4—Maximum values 
of residual displacement 
of the driven mass—the 
maximum amplitude of 
vibration that the driven 
mass can have after the 
cam rise time. 





ee 


Ratios: Cam Rise Time to Period of Natural Vibration 


2 A 3 
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CYCLOIDAL-MOTION CAM SYSTEMS 





unit displacement (h 1) and unit rise time 
(T 1) of the cam. The instantaneous displace- 
ment of the driven mass during the cam rise time, 
and the instantaneous velocity and acceleration, are 
stated as equations in the center column of Table 1. 
The left-hand column in Table | presents the com- 
parable cycloidal-motion cam input equations. 

Close examination of the equations for output 
during rise reveals that for high values of r the in- 
stantaneous displacement of the driven mass is es- 
sentially the same as the instantaneous displacement 
of the follower at the cam surface. 

As the value of r is decreased, a definite trend 


develops and becomes more pronounced as r ap- 
proaches unity. During the cam rise, the displace- 
ment of the driven mass lags, catches up, and then 
overshoots the corresponding follower displacement 
at the cam surface. 

Obviously, the greater the departure of the output 
displacement path from the input, the greater the 
departures of velocity and acceleration. These vari- 
ations are minimized when r is high; that is, when 
the ratio of rise time T to period of natural vibration 
P,, is high. For r to have a high value: 1. The cam 
rise time should be as long as possible. 2. The link- 
age spring rate should be high. 3. The weight of 





Acceleration 


Acceleration at 
cam surface 


Cam rise time ———— 





Fig. 5—Acceleration pat- 
terns during and after the 
cam rise for different 
values of ratio r. 





Acceleration 


Acceleration at 
cam surface 





-———— Cam rise time —————>) 


-= 
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the driven mass should be low. 

Fig. 2 shows output curves of the driven mass for 
r = 2, a rather low value, incidentally, for a system 
to have. 


Residual Effects after Rise 


The example in Fig. 2 shows the effects produced 
in the output functions when r = 2. In particular, 
it demonstrates the lack of conformity between out- 
put and input during the cam rise time for low values 
of r. If the speed of the machine were increased still 
further, the cam rise time would approach the nat- 
ural period of vibration of the cam follower system, 
leading to increased internal stresses within parts 
of the machine. 

Furthermore, these output departures from the 
input are not limited to the period of cam rise ex- 
clusively. Residual stresses can exist after the rise 
time is completed. They result in forces which oscil- 
late the driven mass about its final resting point. 
These oscillations last until damped out, usually 
by friction or by some aligning device. 

To determine the mathematical expressions for 
displacement, velocity, and acceleration of the driven 
mass after the cam rise, the Laplace-transform pro- 
cedure is again applied. 

The general displacement equation which results 
for the output of the driven mass is 


T {| sin 27r iz 
277 T(r? — 1) 


where 


= tan"! (T tan zr) 


Again, equations of displacement, velocity, and 
acceleration for unit displacement and unit rise time 
are presented in Table 1. Inspection of the equations, 
right-hand column of Table 1, shows that for high 
values of r the residual displacement, velocity, and 
acceleration effects are almost negligible. However, 
as the value of r is lowered, approaching unity, the 
system will have increased vibrational tendencies. 

Insertion of r 2 in the “after-rise” equations 
of Table | reveals that there will be no residual vi- 
brations for this particular value. Indeed, there are 
no residual effects when r is any integer (except 
unity); the effects are noticeable mainly at the half 
points between integers. 

In high-speed, remote-control devices, where some 
distant mass is under mechanical control of a master 
actuating mechanism via long steel tapes or equiva- 
lent members having a low spring rate, the designer 
is primarily interested in the tape stresses during 
and after the cam rise time and in the residual dis- 
placements of the driven mass after the cam rise time. 
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In many instances, aligning mechanisms are used 
to register the position of the driven mass accurately 
after the cam rise. Knowing the residual displace- 
ment characteristics permits the designer to allow 
for this displacement variation in design of the 
aligner. 

Fig. 3 to 6 give an insight to the quantitative val- 
ues of displacements and stresses (resulting from 
inertia or acceleration forces) that occur during 
the cam rise time, and after, for different values 
of parameter r. 


Conclusions 


The ratio of cam-rise time to period of natural 
vibration is a useful parameter in predicting the be- 


a*y 
-. = 6.28 Acceleration at the cam 
surface during the com 
rise 
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Ratio 7: Cam Rise Time to Period of Natural Vibration 


Fig. 6—Maximum values of residual ac- 
celeration of the driven mass after the 
cam rise for different values of r. 





havior of a “springy” system. High values of this 
ratio, r, indicate a faithful reproduction of the path 
of the driven mass with that of the follower displace- 
ment at the cam surface, with corresponding agree- 
ments in velocity and acceleration. Low values of 
this ratio point to vibrational problems, higher 
velocities, and increased dynamic loads. 

For cams with a cycloidal profile of the dwell-rise- 
dwell type, residual vibrations cease when the value 
of r is any integer except unity. This phenomenon 
may be used to advantage. For instance, if the sys- 
tem had an r of 3.2, it might be desirable to increase 
the weight of the driven mass to effect an r of 3.0, 
thereby eliminating residual vibrations though in- 
creasing the dynamic loads during the cam-rise time 
slightly. 
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I 0 Tips on 


Control Panel Designations 


FRANK WILLIAM WOOD JR., Standards Engineer, Vitro Laboratories, Silver Spring, Md. 


Turning the right knobs, the right amount, at the right time, are critical 
functions of equipment operators stationed at control panels. Whether 
settings are made quickly or slowly, they must be equally accurate. Here 
are considerations which help to make panel manipulations accurate. 


Indicate functions of controls. Don’t 


make control operators guess. If ’ , ey 
a switch controls power, for ex- Designate units of measure. Scale multipliers may 


ample POWER should be on the be needed for complete readings. 
panel. 





Indicate directions to move controls. Both arrows and words may be necessary. 
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Typical Abbreviations 


From MIL-STD-103 


Antenna 

Azimuth... ... 
Clockwise... . . .CW 
clovolon 2 wk. EL. 


Frequency. . Se. 


Limit the use of abbreviations. In control designations, Be consistent in locating designations. 
abbreviations save space, but they can increase confusion 
and operator error. When necessary, use abbreviations 
from MIL-STD-103. 


oo e¢ 


RANGE ELEVATION 
OWN SHIP 


Make markings legible. Operator must read clear- 
ly in his normal operating position. Use large 


Make markings durable. Marking method 
characters for groups of controls. 


depends on the service environment. 


C) 
Oe: 0 


wy ae 
O 


FREQ 


Indicate sequence for operation of controls, if sequence 
is necessary. Don’t depend on an operator’s memory, 
and don’t require him to page through a bulky in- 
struction manual. 








Make markings visible. Locate designations 
so that they will not be covered by control Avoid ambiguity. Indicate group at each control, 


knobs and pointers. a, or use separating lines, b. 
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A basic guide to specifying 


Mas 


Hydraulic-pump drive gear of SAE 
8620 steel is gas carburized in en- 
dothermic atmosphere to achieve a 
case depth of 0.020 to 0.025 in. at 
Rockwell C hardness of 61 to 63. 
Critical dimensions held are: Pitch 
diameter, concentric within 0.003 
in.; bore, accurate within 0.0015 
in.; sides, parallel and square with 
bore within 0.002 in. Photo, cour- 
tesy Ipsen Industries Inc. 


LESTER F. SPENCER* 


Metallurgist 
Waukesha, Wis. 


SURFACE-HARDENED material has a com- 

posite structure. Properties required of both 

the case and the core must be considered for 
proper material specification. This article, which 
concludes the series, relates material-selection fac- 
tors to the various surface-hardening methods. 

When simple static compressive stresses are exerted 
normal to a surface, the case need only be suf- 
ficiently deep and the core sufficiently strong to 
prevent deformation. The case hardness and depth 
is of greater importance, of course, when service 
conditions include abrasive wear. 

Core strength, rather than case depth, is normally 
emphasized when resistance to fatigue failure from 
compressive loading is required. For bending loads, 
core strength and case depth are considered equally 
important. 


Selection 


The prime factor in the selection of a steel to be 
surface hardened is the hardenability of the materi- 
al, particularly for applications that require a strong, 
tough core. 


Carburizing: For parts up to 0.5 in. in diameter, 
plain carbon steels (0.10 to 0.25 per cent carbon) 
have sufficient hardenability for normal service. 
For applications that require higher strength, tough- 
ness, and uniformity, however, alloy steels are gen- 
erally used. Core hardness in an alloy steel is rela- 
tively insensitive to section thickness, as compared 
to that in a carbon steel, Fig. 1.1 In general, an 


*Now with Lewis Research Center, NASA, Cleveland, Ohio. 
‘References are tabulated at end of article. 
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Hardness, Rockwell C 


Surface V2 Center 1/2 Surface 
Radius Radius 
Location in Bar 


Hardness, Rockwell C 


ti 


Fig. 1—Hardenability traverse curves of two carburiz- 
ing steels showing significant differences in core 

roperties of 1-in. diam carbon and alloy (Cr-Ni-Mc) 
Specimens were water quenched directly from 
carburizing temperature. 


Fig. 2—Jominy end-quench hardenability curves for a  : & eS SS 
ya tae pm. Distance from Quenched End (1A6in.) 


Table 1—Average Core Properties of Steels 
After Various Carburizing Cycles 


——Heat Treatment———— 
AISI Quench Tempering Tensile Yield Elonga- Area Impact, 
Type* Temperature} Temperature Strength Strength tion Reduction Izod Hardness 
(F) (F) (1000 psi) (1000 psi) (per cent) (per cent) (ft-lb) (Bhn) 





C1015° 1425 (water) 350 
350 
350 
350 


15.0 
30.0 


50.0 217 
85.0 156 
94. 131 
96. 121 
14 262 
70. 179 
105. 163 
97 149 


15.3 285 
33.5 207 
36.7 167 
59.8 149 
302 
277 
285 
293 


coon 
wERow 


1425 (water) 350 
350 
350 
350 
1450 (water) 350 
350 
350 
350 


0. 
1, 
2. 
4 

0 

1. 
2. 
4. 


cooum coou 
wt de 
arm Wwe 
winwt Wo 


salt han 


300 
300 
300 


oO 
ss bik bel aes 
ne Sopo 


31204 


ooo ooooc ooocoso oo 
shiek: tied baie: “Ga deanana 
See ANS 


coo Ree 
uw 


1475 
1500, 1450 
1700 
1475 
1500, 1450 
86206 1700 
1525 
1550 
1700 
1525 
1550 
1700 
1450 
1475, 1425 
1700 
1450 
1475, 1425 
93202 1420 
1470 
1520 


ooo CSS SOSoSoo SOouUN 


ooo 
— 


oo 
ba ett et et 


DARANH WHMBG CoN 
o 


172 
142 
123 
116 
114 
103 
102 


144 
173 135 
174 139 
178 146 
168 138 
170 138 


180 155 
210 180 
220 185 


o cococeo 


Se OOO 
eoourran agaun 
pat et et et et 


Hmm SSeS 

eco auoaue 

yer met ttt 
ARAMA 

ecoo ooeoseseso osocooce 
DOR AAMH 
PSESPEN PPS: 
eooeooo oooo 


NN 





*Superscripts are data source references, tabulated at end of article. 

TAll steels carburized at 1700 F for 8 hr. Quench from 1700 F represents direct quench from carburizing box or pot. Quenches 
from lower temperatures indicate a slow cool from 1700 F, then a reheat to the indicated temperature before the quench. Where two 
temperatures are shown, the cycle is a double quench and temper. All quenches are in oil unless otherwise indicated. 
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SURFACE HARDENING OF STEELS 


g 
Hardness (Bhn) 
Dy 


Tensile and Yield Strength(l000psi) 
Impact, Izod (ft- 


E in 2in. 
Reauction in Areo\per cent) 


Impact,Izod (ft-!b) 


Tensile and Yield Strength (1000psi) 


Elongation in 2 in. (per cent) 
Reduction in Area(per cent) 


0 
0.15 020 0.25 
Carbon Content (per cent) 


Tensile and Yield Strength (1000psi) 


Tensile ond Yield Strength (1COOpsi) 
Hardness (Bhn) 


Elongation in 2in.(per cent) 
Reduction in Area(per cent) 


8 


0.10 0.15 
Carbon Content (per cent) 


Fig. 3—Property-survey curves of a, 4300, 6, 4600, c, 8600 and 8700, and d, 9300 
steels showing effect of carbon content on core properties. Average values are 
given for 1-in. diam bars of medium to fine-grain steels, mock-carburized at 
1650-1700 F, directly quenched in oil, and tempered at 300 F. 


alloy steel that produces the desired core properties 
will have adequate case properties, including a Rock- 
well C hardness of about 60. 

Data for determining core properties of carburiz- 
ing steels are available in various forms, such as: 
1. Jominy end-quench hardenability curves, Fig. 2,' 
for hardenability comparisons. 2. Properties surveys, 
Fig. 3,° for the effect of carbon content on various 
properties. 3. Tabular listings, Table 1, that show 
properties produced by various mock-carburizing 
cycles (actual temperatures used, but part is not 
actually carburized) on different section sizes. 


Dimensional change is negligible on 
worm shaft after being liquid car- 
burized to 0.024-in. case depth at 
Rockwell 30 N hardness of 76 to 80. 
Steel is SAE X-1315. Photo, cour- 
tesy Ajax Electric Co. 


Induction Hardening: Materials normally used for 
induction-hardening applications, Table 2,’ also re- 
quire adequate hardenability so that desired proper- 
ties are obtained in both case and core. Medium 


carbon steels—above 0.30 per cent carbon—respond 
well to induction hardening; alloy steels that con- 
tain strong carbide formers such as chromium and 
molybdenum respond with difficulty. Alloys other 
than these are normally used for deep hardening. 


Nitriding: A pretreatment is required for parts that 
are to be nitrided to: 1. Obtain the desired com- 


Table 2—Cast Irons for Induction Hardening 


Surface 
Hardness, 
Rockwell C 


Type Treatment Remarks 


Gray 1600-1700 F, 45-5: 
water quench 


Hardness increases with 
combined carbon 
content 

Pearlitic 1600-1700 F, Responds well 
malleable water quench 

Meehanite 1550-1650 F, 

water quench 


Types GA, GB, and 
GM particularly suit- 
able 

Combined carbon con- 
tent should be above 
0.30 per cent 


Ductile 1650-1700 F, 
iron water quench 
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Nitralloy Oil-Quench Tempering 
Steel Temperature Temperature 
(F) (F) 


Reduction 
in Area 
(per cent) 


Tensile 
Strength 
(1000 psi) 


Yield 
Strength 
(1000 psi) 


Elonga- 
tion 
(per cent) 


Hardness 


(Bhn) (ft-lb) 





310 52 
280 65 
220 80 


1750 
1750 
1750 
1700 
1700 
1700 
1700 


1100 155 138 15 52 
1200 120 58 
1300 121 103 62 
1100 206 182 46 
1100 165 54 
1200 159 141 5 320 


368 


1300 145 125 65 285 
68* 44 293 
45 255 
41 293 
46 262 


1700 
1700 
1800 
1800 


*Proportional limit. 


1100 139 
1200 126 
1100 142 














Tensile 
Strength 
(1000 psi) 


Diam of 
Section 
(in. ) 


Tempering 
Time 
(hr) 


Temperature 
(F) 
1000 
1100 
1200 
1000 
1100 
1200 
1000 
1100 
1200 
1000 
1100 
1200 


156 
133 
125 
159 
140 
127 
171 
158 
155 
182 
156 
139 


rFPrRreE NNN WwW Pe 
KerRre DON wwe we PP 


Values above represent properties at % radius. 


bination of strength and ductility within the core 
which, of course, is not affected by subsequent ni- 
triding. 2. Relieve any stresses that may have been 
produced by prior machining so that distortion and 
warping are minimized. 3, Condition the material 
so that the surface is receptive to nitrogen absorption. 
Pretreatment consists of heating the machined part 
to 1700 to 1800 F, quenching in oil or water, and 
tempering at 1000 to 1300 F. Typical core properties 
of nitralloy steels are given in Table 3.8 Size effects 
on nitralloy 135 properties are shown in Table 4.8 


Evaluation 


Where the prime purpose of a surface-hardening 
treatment is to increase resistance to abrasive wear, 
the most important factors to consider are: 1. Ade- 
quate surface hardness of the case. 2. Sufficient ex- 
cess carbides. In applications where impact may be 
experienced, an excess of carbides can be detrimental, 
however, because it promotes spalling. Where the 
work part is subjected to repeated alternating stresses, 
the strength factor is predominant and case depth 
becomes more important than surface hardness. 


Strength: The requirement of high strength, both 
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Yield 
Strength 
(1000 psi) 


Reduction 
in Area 
(per cent) 


Elonga- 
tion 
(per cent) 





134 13 41 
113 17 48 
101 52 
141 40 
121 48 
105 3 56 
150 : 40 
138 51 
135 49 
165 3 44 
139 52 
121 


in the case and the core of a surface-hardened sec- 
tion, relates directly to the type of loading experi- 
enced in service. In direct axial loading—either com- 
pression or tension—stress is fairly uniform over the 
entire section. Within the elastic range, the maxi- 
mum allowable stress on the section would be the 
same for both case and core, On the other hand, if 
the work part is subjected to twisting or bending, 
maximum stress occurs at the surface. As the case 
depth increases, the ability of the part to withstand 
this type of loading also increases, Fig. 4.9 For exam- 
ple, to increase torsional strength of a 0.5-in. di- 
ameter uncarburized steel bar by 25 per cent, Fig. 4 
indicates that a case depth of 0.047 in. is required. 


Hardenability: Another factor that influences abili- 
ty to carry torsional loads is case hardenability. Low 
case hardenability causes soft spots and decreases 
residual compressive stresses at the surface because 
of the low amount of transformed martensite within 
the case structure. Compressive surface stresses are 
a major factor in improving fatigue properties of 
surface-hardened parts. 


Quenching: Water quenching, particularly when 
used with large sections or intricate designs, pro- 
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Maximum Flexural and Torsional Strength Increase (per cent) 


0 @ #2 es 04 .o8 “o8 G7 
Diameter (in) 


Carbonitrided case on SAE 1010 
clutch release lever is 0.023 to 
0.025 in. deep and has a Rock- 
well A hardness of 80. Surface 


os og 19 


Fig. 4—Increased flexural and torsional strength as a function of is uniformly bright and free from 
ion thicknesses. 


case depth for various diameters or section 


Steels fer Surface Hardening 


Carburizing—Pack, Gas, and Liquid 


Carbon Steels 


Normally confined to sections 0.5 in. or less in diameter with 
base carbon content to 0.25 per cent. Higher carbon steels 
seldom used because of brittleness of fully quenched core. 
Typical steels: 1010 to 1025, C1110 to C1125, C1320. 


Alloy Steels 


For high-hardenability case: 3300, 4300, 4800, and 9300 series 
with carbon content to 0.25 per cent. Used for heavy sections 
such as bevel-drive pinions and large gears. Because of ex- 
cessive austenite in the case, these steels frequently require 
refrigeration 

For medium-hardenability case: 1300, 4000, 4100, 4600, 4700, 
5100, 6100, 8100, 8600, 8700 series. Also 4422, 4427, 4520, and 
94B40. Used for moderate-sized parts, such as gears, pinions, 
crankshafts, and piston pins. 

For high-hardenability core: 3310, 4320, 4817, 4820, 8822, and 
9310 

For medium-hardenability core: 4032, 4118, 4422, 4427, 4520, 
4620, 4621, 4718, 4720, 4815, 5115, 5120, 8620, 8622, 8720, 
94B15, and 94B17. 

For low-hardenability core: 4012, 4023, 4024, 4027,* 4028,* 
4615, 4617,* 6118, 8115,* and 8117.* 

For castings: A commonly used cast steel contains 0.15 C, 0.7 
Mn, 0.3 Si, 0.25 Mo, and 1.75 Ni (per cent). 


Carbonitriding 


Series 1000, 1100, 1300, 3100, 4100, 4600, 5100, 8600, 8700, 
and 9400 with base carbon content from 0.10 to 0.40 per cent. 
Steels of medium carbon content used for applications requir- 
ing heavy loading. Series 5100 used for gears; 8600, for heavy- 
duty bolts and cap screws 
Process also used to surface harden tool steels, cast iron, 
pearlitic malleable iron, and sintered ferrous compacts. 
Nitriding 
Any steel that contains nitride-forming elements (aluminum, 
chromium, molybdenum, vanadium, or tungsten) can be ni- 
trided. Optimum properties of both case and core obtained by 
using nitfralloy steels. 
AISI steels: 4130, 4140, 4340, 8630, and 9440. 
Stainless steels: 302, 304, 321, 347, 416, 410, 420, and 430. 
Particularly in the austenitic stainless steels, some loss in cor- 
rosion resistance can be expected 
Cast steel: A typical cast-steel composition that can be ni- 
trided contains 0.18 C, 0.5 Mn, 0.4 Si, 2.5 Cr, %4 Mo, and 
0.20 V (per cent) 
Cast iron: A composition of 2.75 total C, 1.89 graphitic C, 0.86 
combined C, 2.58 Si, 0.73 Mn, 1.22 Cr, 0.16 V, 9.24 Mo, and 
1.01 Al can be nitrided for use as cylinder liners, sleeves, and 
bushings. Case depths of 0.008 in. can be achieved in 69 hr. 
Flame Hardening 
Typical materials include 1000, 1300, 2300, 3100, 4100, 5100, 
and 6100 series, with 0.30 to 0.60 per cent carbon 
Stainless-steel types 410, 416, 420, 440A, and 440B may also 
be flame hardened 
All cast irons, with the exception of white iron, may be flame 
hardened. Degree of hardness depends on percentage of com- 
bined carbon (should be 0.25 to 0.85 per cent) or alloy ad- 
ditions. Malleable iron (Re 42 to 62), ductile iron (Re 50 to 
64), gray iron (Re 40 to 62), meehanite (Re 32 to 64) and 
alloy cast iron (Re 45 to 65) are included in this group. 


*These steels are in the high area of their listed group and some- 
times are considered as being in the next higher group 
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scale. Photo, courtesy Ipsen In- 
dustries Inc. 


duces high residual stresses within the part. These 
stresses tend to distort the section or to cause crack- 
ing at notches, keyways, sharp fillets, or other stress 
raisers. Oil quenching generally reduces distortion, 
high residual stress levels, and cracking—at the 
sacrifice of some surface hardness. 

Because it is difficult to determine the amount or 
direction of a residual-stress pattern, a tempering 
operation is recommended after quenching to reduce 
the stress level within a surface-hardened section. 


Decarburization: When parts are hardened tv 
shallow depths, as in induction hardening, the sur- 
face must contain the full complement of carbon to 
realize maximum surface hardness. For this reason, 
particularly on hot-rolled bars and forgings where 
surface diffusion of carbon may occur, conditioning 
by machining or grinding frequently precedes in- 
duction hardening. This pretreatment assures that 
the base carbon is present at the surface c: the sec- 
tion. Special carbon-corrected steels, which require 
no mechanical conditioning, are available for induc- 
tion-hardening treatment. 


REFERENCES 

1. R. S. Archer, J. Z. Briggs, and C. M. Loeb Jr.—Molybdenum 
Steels, Irons, and Alloys, Climax Molybdenum Co., New York, 
1948, pp. 97-108. 

. Case Hardening of Nickel Alloy Steels, International Nickel Co. 
Inc., New York, 1946, pp. 8, 15-19. 

. Modern Steels and Their Properties, Bethlehem Steel Co., Beth- 
lehem, Pa., 1955, pp. 87-106. 

. Republic Steel Alloys, Republic Steel Corp., Cleveland, 1949, pp. 
170-184. 

. Carilloy Steels, United States Steel Co., Pittsburgh, 1953, pp. 
162-169. 

. N. E. Emergency Steels, Republic Steel Corp., Cleveland, 1943. 

. “Induction Hardening of Cast Iron,’’ Metal Treating, May-June, 
1958, pp. 14-17 

. V. O. Homerberg and C. F. Floe—Nitralloy and Nitriding, The 
Nitralloy Corp., New York, 1954, pp. 22-24. 

. H. F. Moore and W. H. Bruckner—‘‘Metal Engineering Design,’’ 
ASME Handbook, McGraw-Hill Book Co., New York, 1953, pp. 
138-141. 


MacuHineE DesIcn 





AC MOTOR CONTROL—4 


How to select controls 
for squirrel-cage types 


J. RONALD WICKEY 
Staff Engineer 


and 


ARTHUR S. NEWMAN Jr. 


Application Engineer 


The Clark Controller Co. 
Cleveland, Ohio 


ing speed offer flexibility as well as conven- 
ience in meeting the requirements of many 
applications. For instance, a ventilating fan may 
need to be driven slowly in the winter, faster in the 
summer. Or, a conveyor may require operation at 
different speeds to vary the amount of material 


M ite = that provide more than one operat- 


delivered during a given period of time. 


The simplest, most economical multispeed drive 


is the multispeed squirrel-cage motor. 
it has four practical limitations: 
1. No more than four speeds are available. 
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Fig. 1—Methods of indi- 
cating typical pole ar- 
rangements for 60-cps 
motors: 4, single winding, 
single speed (6 pole, 
1200 rpm); 5, three wind- 
ing, three speed (6 pole, 
1200 rpm; 8 pole, 900 
rpm; 4 pole, 1800 rpm); 
¢, reconnectable winding, 
two speed (6 pole, 1200 
rpm; 12 pole, 600 rpm); 
d, two winding, three 
speed, first winding re- 
connectable (6 pole, 1200 
rpm; 12 pole, 600 rpm; 
4 pole, 1800 rpm). 
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Fig. 2—Typical full-load speed-torque curves 
for squirrel-cage motors: a, single speed; 
b, four speed, constant torque; c, four 
speed, variable torque; d, four speed, con- 
stant horsepower. 


2. Speed ratios greater than 4-to-1 are impractical. 
3. Transition between speeds is not inherently smooth. 
4. Unusually high torque is not available. 


Nevertheless, other features and characteristics make 
the multispeed squirrel-cage motor a highly versatile 
drive. Some of the more important motor character- 
istics, and the controls and circuits for applying 
multispeed motors, are covered here. 


Motor Windings 


If two different stator windings are wound on 
the same motor frame, the result is a two-speed two- 
winding motor. A motor with four-pole and six- 
pole windings, for example, provides motor speeds 
of 1800 and 1200 rpm with a power supply of 
60 cps.? 

When a speed ratio of 2-to-1 is acceptable, a two- 
speed single winding, often called a consequent-pole 
winding, can be used. Such a motor can be made 
to operate at either of the two speeds by reconnect- 
ing the coils so that the number of effective motor 
poles is changed. With a consequent-pole motor 
winding the reconnection always divides or multiplies 
the number of poles by 2, thus compelling a 2-to-1 
speed ratio, such as 3600-to-1800 or 1800-to-900 rpm. 

A three-speed two-winding motor has a recon- 
nectable two-speed winding plus a separate winding 
for the third speed. A four-speed two-winding motor 
has two stator windings, each reconnectable for two 
speeds. In three and four-speed motors, the speeds 
provided by each reconnectable winding have a 
2-to-1 ratio. Some common pole arrangements which 
provide multispeed motor characteristics are shown 
in Fig, 1. 


Torque Characteristics 


In addition to speed control, multispeed squirrel- 
cage motors provide a variety of torque character- 
istics: 


1. Constant torque. 
2. Decreasing torque with decreasing speed. 
3. Increasing torque with decreasing speed. 


Full-load torque is indicated on the speed-torque 
curve, Fig. 2a, for a typical single-speed squirrel- 
cage motor. Fig. 2b is the graph for a constant- 
torque motor. Because this type of motor delivers 
essentially the same full-load torque at any of its 
two or more fixed speeds, the full-load torque points 
on each speed curve can be joined by a vertical line. 
Constant-torque motors are suitable for driving 
equipment such as printing presses, coviveyors, stokers, 
grinders, and other machines where torque re- 
quirements are about the same for any speed. 

A motor which produces decreasing torque with 
decreasing speed is ,usually known as a _ variable- 
torque motor. A family of speed-torque curves for 
this type of motor is shown in Fig. 2c. A line join- 
ing points of full-load torque slopes toward zero 


1References are tabulated at end of article. 
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For Separate-Winding Motors For Consequent-Pole Motors’ 
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Fig. 3—Typical starters and power circuits for multispeed squirrel-cage motors (not suitable 
for open-delta motors): a and 6, two speed, two winding; c, three speed 
d, four speed, four winding; e and f, two speed, single winding; g, three speed, two wind- 
ing; 4, four speed, two winding. Three and four-winding motors are not widely used. 


, three winding; 
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torque, thus indicating lower torque at the lower 
speeds. Such motors are suitable for driving fans, 
blowers, centrifugal pumps, and other loads where 
torque requirements decrease as speed is reduced. 

The family of curves in Fig. 2d is for a motor 
whose torque increases as its speed decreases. There- 
fore, a line joining points of full-load torque slopes 
toward high torque at zero speed. Motors of this type 
—constant-horsepower motors—are used on lathes 
or other machine tools where heavy cuts are taken 
at low speeds. Light cuts usually are taken at high 
speeds where reduced torque is satisfactory. 


Power Circuits 


Specially designed starters are required for multi- 
speed squirrel-cage motors to meet the needs of dif- 
ferent types of motor windings. The starter for 
a separate-winding two-speed motor, Fig. 3a and b, 


consists of two standard three-pole starter units 
which are electrically (in the control circuit) and 
mechanically interlocked and assembled in a single 
enclosure. In Fig. 3c and d, additional three-pole 
starter units are incorporated for each additional 
speed. Although these units are always electrically 
interlocked, it may not be practical to provide me- 
chanical] interlocks. 

The starter for a consequent-pole motor, Fig. 3e 
and f, requires a three-pole unit and a five-pole unit. 
In the starter illustrated in Fig. 3e, the five-pole unit 
(lower) is basically a four-pole contactor with one 
movable contact modified by a flexible jumper 
wire to provide a fifth contact. Instead of a single- 
circuit double-break contact, the movable contact thus 
becomes a two-branch circuit with a single-break con- 
tact in each circuit. For the type of reconnection re- 
quired in consequent-pole windings, this arrangement 
is satisfactory. Fig. 3f represents a starter circuit for 
a typical consequent-pole motor. However, the de- 
sign of the winding of a particular motor determines 
whether the fast or slow-speed connection is made by 
the five-pole starter unit. 

In Fig. 3g a three-pole starter is used for the 
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Fig. 4—Control circuit for a two-speed starter. 


Auxiliary mag- 


netic contacts provide electrical interlocking feature. 
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Fig. 5—Control circuit for a two-speed starter with push- 


button contacts acting as electrical interlocks. 
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single-speed winding; a five-pole starter and a second 
three-pole starter handle the reconnectable wind- 
ing. The four-speed consequent-pole motor, Fig. 3h, 
requires two sets of three and five-pole starters. 

Because currents circulate within the “inactive” 
or unconnected winding of delta-type multispeed 
motors, somewhat different power circuits are re- 
quired. A pair of four-pole starters is required for 
a two speed motor with separate open-delta wind- 
ings. An extra four-pole starter is required for each 
additional speed. Thus, three and four-speed mo- 
tors with open-delta windings require increasingly 
complex starters. 

Because of differences in multispeed motor wind- 
ings, specific information concerning the windings 
must be used to select the motor controls. Torque 
characteristics of multispeed motors also deserve 
special attention to assure selection of the proper 
size of control. Constant-horsepower motors require 
larger starters than either constant-torque or vari- 
able-torque motors of equal horsepower rating. For 
example, a NEMA Size 3 multispeed starter can be 
used for a 50-hp, 440-v, constant or variable-torque 
motor, but the same starter is adequate for only 


a 40-hp, 440-v constant-horsepower motor. 

When reversing is desired for a multispeed motor, 
reversing contactors, properly wired in the power 
lines, will permit the motor to operate in reverse 
at any speed. If reversing for one speed only is 
desired, a contactor for the winding or combination 
of windings providing that speed is all that is re- 
quired. Of course, mechanical and/or electrical in- 
terlocking should be provided with reversing con- 
tactors to prevent direct short circuits. 

If cushioned starting or limited starting current 
is desired, features of a primary-resistor starter? can 
be included in a multispeed motor starter. 


Control Circuits 


Depending on the number of speeds and flexibil- 
ity of operation desired, control circuits may range 
from simple to complex both in appearance and 
function. For simplicity, only the control circuits 
covered in the following discussion are shown. These 
control circuits may, of course, be used with the 
power circuits in Fig. 3. 

A simple control circuit for a two-speed squirrel- 
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Fig. 6—Control circuit for a three-speed starter. 


Electrical interlock- 


ing is provided both by starter and pushbutton contacts. 
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Fig. 7—Control circuit for a two-speed starter with 
slow-speed-start compelling relay, CP. 
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cage motor, either of the separate-winding or con- 
sequent-pole type, is shown in Fig. 4. The motor 
can start in either speed, but the electrical inter- 
locks require that the stop button be pushed before 
the speed can be changed. The opposite condition 
is true in Fig. 5. Here the motor can be started in 
either speed and then changed to the other speed 
without first pressing the stop button. In this case 
the pushbuttons act as electrical interlocks. 

Fig. 6 shows the control circuit of a starter for 
a typical three-speed squirrel-cage motor. If the 
lowest branch of this circuit were deleted, the cir- 
cuit would represent a two-speed starter. Or, if 
another branch were added, the result would be 
a control circuit for a four-speed starter. Features 
provided by the circuit in Fig. 6 are: 

1. Motor can be started at any speed. 

2. Higher speed can be obtained without first pressing 

the stop button. 
3. Lower speed can be obtained only after pressing the 
stop button. 


As indicated, simple variations in a single push- 
button circuit can provide a choice of operating 
speeds for a multispeed motor. However, a number 


of applications demand positive assurance that a 
motor will not start in a high speed. A prime ex- 
ample is a hoist where a sudden, jolting, high- 
speed start could snap a cable or otherwise damage 
equipment or load. To accomplish a slow-start-com- 
pelling cycle, the control circuit must include a com- 
pelling relay, Fig. 7. Features provided by this cir- 
cuit are: 


1. Motor can be started only in slow speed. 

2. Higher speed can be obtained only after slow button 
is pressed. 

3. Lower speed can be obtained only after stop button 
is pressed. 


Although starting in slow speed is required by the 
circuit in Fig. 7, an operator who presses the fast 
button immediately after pressing the slow button 
might damage the equipment. To avoid this possi- 
bility, a control circuit with an inherent slow start 
and timed acceleration, Fig. 8, can be used. 

In either circuit of Fig. 8, pressing the fast button 
first starts the motor in the slow speed. After a 
time lapse sufficient for the motor to reach full slow 
speed, the motor is automatically switched to the 
high speed. Three and four-speed starters can also 
be designed for automatic and timed progression of 
motor speed to any speed initially selected. 

Pressing the slow button first in Fig. 8 starts and 
holds the motor in the slow speed until either the 
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Fig. 8—Two control-circuit designs for two-speed starters which 
provide inherent slow start and automatic timed acceleration. 
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Fig. 9—Control circuit for a two-speed starter with automatic, timed decelera- 
tion. Timer contact opens instantaneously when timer relay coil is energized 
and closes after a time delay which follows coil de-energization. 


stop or fast button is pressed. If a careless operator 
presses the slow and fast buttons in rapid succession, 
either control circuit would protect the motor and 
the driven machine by providing a time lapse before 
the motor changes to high speed. 

The only operational difference between Fig. 8a 
and b occurs when the motor is operating at full 
slow speed and the fast button is pressed. In Fig. 8b 
the timer will have timed out so that the motor will 
switch immediately to the fast speed. Fig. 8a in- 
volves a needless time lag. As protection against 
the shock of regenerative braking, the stop button 
must be pressed to go into a lower speed in either 
of the example circuits. 

Another control circuit modification may be nec- 
essary when regenerative braking becomes a prob- 
lem. When a motor driving a load at high speed 
is quickly reconnected to its low-speed winding, the 
motor exerts a large retarding torque until it reaches 
the lower synchronous speed. Driven equipment 
with high inertia, such as a large ventilating fan, 
places additional strain on the motor and load. Re- 
generative braking torque of the reconnected motor 
attempts a sudden reduction in the speed of the 
driven machinery. If mechanical strain on the 
equipment is likely to become excessive, timed de- 
celeration is warranted. 

The starter control circuit in Fig. 9 provides timed 
deceleration for protection of driven equipment hav- 
ing high inertia. The motor can be started in either 
slow or fast speed. In addition, the stop button does 
not have to be pressed first to change from fast to 
slow speed as required by the circuits in Fig. 6, 7, 
and 8. An adjustable time-delay relay disconnects 
the motor from the power supply until sufficient 
time has elapsed for the driven machinery to slow 
to a safe speed relative to the synchronous rating of 
the lower-speed winding. 
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If a motor controlled by the circuit in Fig. 9 is 
operating at the fast speed, pressing the slow button 
de-energizes contactor coil F and opens the F con- 
tacts. Relay T is then de-energized, but normally 
closed contact T does not close until after a preset 
time has elapsed. Also, when the slow button is 
pressed, slow control relay SCR is energized. Thus, 
contact SCR, closes in the holding circuit, and con- 
tact SCR: closes in the circuit to contactor coil S. 
However, coil S is not energized until the T con- 
tact times out and closes. Power to the motor is 
disconnected during the timing period. The time 
lapse permits a high-inertia load to slow sufficiently 
so that no great shock is produced by regenerative 
braking torque when the slow winding is energized. 

Other combinations of control circuitry can be 
designed to have compelling and automatic-timing 
features. Although typical circuits have illustrated the 
basic principles involved, the particular application 
and the drive requirements must be considered for 
proper selection of a starter. The economical multi- 
speed squirrel-cage motor warrants first consideration 
when a drive must have more than one operating 
speed. For applications requiring characteristics 
other than those offered by multispeed squirrel-cage 
motors, drives to consider are: 1. Wound-rotor mo- 
tor. 2. De motor operated from a constant-voltage 
supply. 3. De motor operated from an adjustable- 
voltage supply. 


Next article in this series will cover character- 
istics and control of wound-rotor motors. 


REFERENCES 
This article is the fourth in a series by J. Ronald Wickey 
and Arthur S. Newman Jr. on ac motor control. Previous 
articles and issues of Macnuine Design in which they ap- 


peared are: 

1. Squirrel-Cage Motors ............... 
2. Across-the-Line Starting .... 

3. Reduced-Voltage Starting .. 


December 22, 1960 
January 5, 1961 
.January 19, 1961 
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Inside-Outside Rollers Drive Plane 





SMOOTH STARTS and stops in forward and reverse are necessary when moving 
planes in crowded hangers. A new plane mover, no larger than a power mower, 
combines forward and reverse with a clutching function in one package. Two 
chain-coupled rollers drive a friction drum on its inside or outside surfaces. For- 
ward or reverse is selected by moving the drum up or down to contact one of the 
rollers. A fork lift on the vehicle picks up nose or tail wheels of the aircraft to 
be moved, and weight of the aircraft provides traction for the pint-size tug. 
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POWER from the air-cooled gas 
engine is delivered to two chain- 
coupled drive rollers. Direction 
of rotation of the driven drum 
depends on whether the external 
or the internal roller is in con- 
tact. When being shifted, the 
drum support arm pivots around 
a drive shaft to which it trans- 
mits power through a chain. 


MacuHIneE Desicn 





Parker 


PIVOTED fork arms are opened or 
closed by turning a crank on a 
threaded shaft. Opposite-threaded 
shaft ends open or close arms si- 
multaneously. Hydraulic jack op- 
erates the fork lift. Adapters for 
various aircraft wheels can be at- 
tached to the arms without tools. 


PLANE MOVER will handle a wide 
variety of aircraft. |t was devel- 
oped by Wright Brothers Inc., San 
Jose, Calif. 
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_ design in action 


Weigh-Down Scale 


Simplifies Mix 


WirH three aggregate hop- 
pers to operate, how do 
you design a single weigh- 
ing scale to measure speci- 
fied quantities from any 
hopper chosen at random? 
A new portable cement 
batcher does it by “weigh- 


SIMULTANEOUS loading of three 
bins of a concrete batcher requires 
ne control except a shut-off for 
each conveyor when its bin is full. 
Material is not weighed until it is 
delivered to trucks through the hop- 
per discharge in the foreground. 


FOLDED FOR TRAVEL the batcher measures 37 ft in length 
and can travel over most modern highways including turnpikes. 





Control in Portable 


Concrete Batcher 


ing down.” Hoppers for sand and two grades of gravel 
are supported on a single weighing platform. Weight 
of all aggregate loads the scale. Aggregate is re- 
leased from one hopper at a time and measured by 
loss of weight as the scale pointer moves down. A 
separate hopper stores cement and is weighed on its 
own scale. Because of the lumping characteristics of 
cement, it is fed into the hopper via enclosed worms. 





PADDLE-WHEEL sensor shuts off conveyor motor when bin 
is full. While coriveyor is running, a tiny motor spins the 
paddlewheel. When aggregate reaches the paddlewheel, 
it stalls the paddles and the motor winds up a spring 
coupling to break contact in the conveyor-motor line. 
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INNER SCALE on the dials is set before weigh- 
down operation so that zero coincides with the 
position of the pointer. As a hopper is discharged, 
pointer indicates on the inner scale the weight of 
material discharged. Outer scale reads combined 
weight of the contents of the three hoppers. 
Scale on the right weighs aggregate; that on the 
left weighs cement. Control panel operates dump 
gates in hoppers and conveyor motors. 


HYDRAULIC PISTON raises the batcher into work- 
ing position. Struts support the load of the hop- 
per during operation. The concrete batcher was 
developed by Heltzel Steel Form & Iron Co., War- 
ren, Ohio. Hydraulic cylinder used in erection is 
from Commercial Shearing & Stamping Co. 








Box Girders Make Heat Flues In 


DousBLE-FUNCTION designing has produced a new dump 
truck able to carry nearly twice its weight in payload. Short 
wheel base and an unconventional hydraulic steering linkage 
make the vehicle extremely maneuverable in cramped quar- 
ters. New features include: 

1. Pneumatic-hydraulic suspension cylinders, doubling for 
springs and shock absorbers, form pivots for steering front 
wheels. 

. Vulnerable hydraulic steering joints and links are moved 
away from dirt and splash. 

. Structural members double as high-pressure air tank. 

. Box frame members act as flue passages for heated exhaust 
gases. 

5. Thermostatically controlled fan operates only when needed 
—conserving power and heat. 

The new 60-ton dump truck is a development of LeTourneau- 

Westinghouse, Peoria, IIl. 


BOX GIRDERS in the 
body double as ducts to 
carry hot exhaust fumes 
along the floor of the 
body, keeping frozen 
loads from sticking. 





DOUBLE DUTY is per- 
formed by framework of 
front suspension, which 
is also high-pressure air 
reservoir for braking 
system. 


Front suspension 

cylinder used as 

pivot for steering 

front wheel 
SUSPENSION CYLINDER supports the vehicle on a cushion of cap- 
tive nitrogen. Oil lubricates the piston and helps seal gas be- 
tween upper and lower chambers. It also acts as a snubber by 
absorbing energy as it flows between sump and lower chamber. 
As the piston moves in the cylinder, oil flows between the sump 
and the lower chamber through the central oil tube and the con- 
necting gallery, absorbing energy as it flows. Front-wheel sus- 
pension cylinders act as pivots for steering. 
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Hefty Dump Truck 


BELL CRANKS take the place of the usual four- 
bar steering linkage. Pivoting joints are brought 
forward to locations accessible for servicing. 
The hydraulic cylinder is safely tucked behind 
the front bumper frame. 
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Brake shoe 
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Relief_line 


Nitrogen 
bubble 


Tank~ 


Relief valve 
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Control valve 


L4 Pressure switch 


HYDRAULIC SYSTEM is contained in a package that drops 
into the floor under the tracks. Cam surfaces allow 
gradual energy absorption as cars slide into the car grab. 


Car-Grab Shocks 
Absorbed by 
Nitrogen Bubble 


Car GRAB, consisting of two brake shoes 
paralleling a track, is normally in a closed 
position. Shoes, under pressure, are 
forced apart by the arriving car. Cam 
surfaces at the ends of the shoes permit 
the car body to wedge itself between 
them under force of its momentum. Shock 
in the brake’s hydraulic system caused by 
forcing the shoes apart is absorbed by a 
nitrogen bubble in the pressure tank. Ex- 
treme pressure pulses are dissipated 
through a relief valve. 


BRAKE SHOES OPERATE on the 
car body, rather than wheels, 
in a car grab developed by 
Demag AG, Germany. Relief 
line bypasses the control valve 
to permit quick dissipation of 
shock pressure. Check valve 
in the relief line keeps it from 
usurping control from valve. 
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A comparative analysis 
of commonly used 


PIVOT 
THRUST 
BEARINGS 


F. W. KINSMAN 
Mechanical Consulting Engineer 
Penfield, N. Y. 


MALL pivot thrust bearings, in the form of 

buttons, pads, or cones, provide a virtually 

friction-free support. Because of their small 
size—generally up to | in. diameter—they can be 
made of materials that are usually impractical for 
large bearings. 

Among the more exotic materials used for these 
pivots are diamonds and sapphires. For most appli- 
cations, however, high cost and manufacturing diffi- 
culties prohibit their use except in small, relatively 
simple configurations. Materials used where economy 
is of prime importance are steel and glass. Sintered 
carbide is also an important material for pivot bear- 
ings. It can be produced either with a very high 
hardness or with a high degree of toughness, at the 
expense of some of its hardness. It is also possible to 
use sintered-carbide thrust bearings as sintered, with- 
out subsequent polishing. 
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Table | illustrates the various types of small thrust 
bearings discussed in this article, and lists pertinent 
formulas. These bearings may be inexpensive and 
compact, and are many times as efficient as thrust 
collars, although there are instances where thrust 
collars must be used. These are discussed here pri- 
marily for purposes of comparison. Although pivot 
bearings use direct contact rather than rolling or 
fluid contact, they are often as efficient as roller 
or fluid-film thrust bearings. 

The product pV, which represents the power dis- 
sipated per square inch of bearing area, is often 
used in establishing whether or not a bearing design 
has adequate load-carrying capacity. In ordinary 
radial bearings, the surfaces of either the shaft or 
bearing have a brief chance to cool between con- 
tacts. This is not the case in thrust bearings; hence, 
the allowable pV values for thrust bearings are low- 
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PIVOT THRUST BEARINGS 


CDIMMINIIIS. 
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er than those for comparable radial bearings. Also, 
in radial bearings lubricant is more likely to be 
present between the contacting areas. Fig. 1 presents 
pressure and velocity characteristics for spherical or 
spherical-plane contacts. 

In analyzing cases 5 and 6, it is assumed that 
spherical surfaces are convex. If one of them is 
concave, the sign of its radius of curvature should 
be taken as negative in the applicable equations. 

A comparison can be made between spherical and 
flat pivot bearings. Assuming equal thrust loads, F, 
and assuming that the curvatures in the spherical 
pair have been adjusted so that the contact areas in 
the two pairs are equal, a comparison of the appli- 
cable equations leads to the following conclusions: 
1. The maximum pressure in the spherical pair is 50 
per cent greater than in the plane pair. 2. Maximum 
pV is 33 per cent greater in the plane pair. 3. The 
spherical pair is about 11 per cent more efficient 
than the plane pair. 

It makes no difference whether the spherical 
combination is convex-convex, convex-plane, or con- 
vex-concave. 

The equations in Table 1 give only compressive 
stresses. However, since shear and tensile stresses 
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Nomenclature 


@ = Outside radius of surface of contact, in. 
a; = Inside radius of surface of contact, in. 
E;, Ez = Moduli of elasticity of two contacting-surface 
materials, psi 
F = Axial thrust load on bearing, lb 
f =Coefficient of friction 
N = Rotational speed, rpm 
P = Power loss, Ib-in./sec 
p = Pressure or compressive stress, psi 
r = Radius at any point on surface of contact, in. 
71, %2 = Radii of curvature of contacting spherical sur- 
faces, in. 
V = Velocity, fpm 
a = Angle of bearing surface with centerline of shaft, 
deg 


resulting from thrust loads are proportional to the 
compressive stresses, the equations for compressive 
stress can be used to compare similar bearings. 
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Charts simplify calculation of 


coefficients for 


Air-Gap Heat Transfer 


J. 1. GONZALEZ 
Design Engineer 
Thermodynamics Staff 
The Martin Co. 
Orlando, Florida 


EAT-TRANSFER analyses frequently require 

calculation of an over-all heat-transfer coef- 

ficient for air gaps. This coefficient repre- 
sents the heat flow across an air gap by convection, 
conduction, and radiation. 


Nomenclature 


a 


= Configuration factor (including effect of emissivity 
and geometry) 

= Shape modulus (function of geometry only) 
Gravitational acceleration, 32.174 ft/sec/sec 

= Height of vertical plate or gap, in. 
Heat-transfer coefficient, Btu/hr/sq ft/deg F 

- Thermal conductivity, Btu/hr/ft/deg F 

= Gap width, in. 

= Grashof number (Equation 2) 

= Heat flux, Btu/hr/sq ft 

= Average temperature of hot and cold sides of air 
gap, F 
Cold-side temperature of air gap, F 

= Hot-side temperature of air gap, F 

= Overall heat-transfer coefficient, Btu/hr/sq ft/deg F 

= Overall heat-transfer coefficient for conduction and 
convection, Btu/hr/sq ft/deg F 

= Overall heat-transfer coefficient for radiation, Btu/ 
hr/sq ft/deg F 

= Coefficient of thermal expansion, per deg Rankine 
Emissivity of cold side surface 

= Emissivity of hot side surface 
Kinematic viscosity, sq ft/sec 
Stefan-Boltzmann constant, Btu/hr/sq ft/(deg Rank- 
ine)* 


bR estan 


os eae 


qs 
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Values of such coefficients for either vertical or 
horizontal air gaps can be determined easily for 
many design situations with the aid of charts pro- 
vided here. Symbols are defined in Nomenclature. 


Convection and Conduction 


All of the charts for heat transfer by convection 
and conduction are based on a gap pressure of one 
atmosphere (14.7 psi). Unless the gap pressure 
varies markedly from this value there is no need for 
a correction factor. The thermal conductivity of gases 
is virtually independent of pressure in a range not 
too far from atmospheric conditions. For heavy gases, 
K can be considered independent of pressure above 
1 mm Hg; for hydrogen and helium, above 20 mm 
Hg. The upper limit of such dependency may be at 
one or more atmospheres. 

In the convection process, for example, heat-trans- 
fer coefficient h varies as the square root of the 
pressure (for air pressures other than atmospheric). 
To verify the magnitude of error, the over-all heat- 
transfer coefficient, U,,.. may be computed from 


K 
t2h4— 
L 


(1) 
where h and K include the effect of pressure and 
the units are consistent. 

A useful concept in the analysis of heat transfer 
by gases is the dimensionless Grashof number, Ner, 
which is mathematically defined and is directly re- 
lated by the principle of similarity to the well- 
known Reynolds number for fluid flow. Experi- 
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Fig. 1—Heat-transfer coefficient U, . for vertical air gaps. 
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Fig. 2—Heat-transfer coefficient U, , for horizontal air gaps. 
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AIR-GAP HEAT TRANSFER 





mental data are lacking for Grashof numbers cor- 
responding to gap widths in the range between 0.3 
and 0.4 in. For gap widths of 0.3 inch and less, 
conduction and radiation are the primary modes of 
heat transfer and the effect of convection is negli- 


gible. 


Vertical Air Gaps: Values of U,,, for vertical air 
gaps which are 8 in. high and have cold-side tem- 
peratures of 100, 200, or 400 F can be read directly 
from the charts in Fig. la, b, or c, respectively. For 
gap heights other than 8 in., the following pro- 
cedure is recommended: 

1. Compute Grashof number Ng, from 

_ BgLS(Ty — Te) 
Pa peste tes Ril 


p2 


where 


and 


These relationships are based on the assumption 
that deviations from the conditions of a perfect gas 
are negligible. 

2. If the value of Ng, falls in the range 20,000 = 
Ner = 200,000, compute the corrected coefficient 
from 


(3) 


where U,.. the corrected over-all heat-transfer 
coefficient for an air gap with height other than 8 in., 
U.. = chart value of heat transfer coefficient for 
8-in. high air gap, and H’ = air-gap hight. 

3. If the value of Ng, is less than 20,000 or greater 
than 200,000, special calculation techniques are re- 
quired. These techniques are treated in detail by 
Jakob. 


Horizontal Air Gaps: Fig. 2a, b, and c apply to 
horizontal air gaps. Data are plotted for cold-side 


1References are tabulated at end of article. 
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Fig. 3—Factors for calculation of U,,, across an air gap between two infinite parallel planes. 
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temperatures of 100, 200, and 400F, respectively. 


Radiation 


The value of heat-transfer coefficient U;aq across 
either vertical or horizontal air gaps can be deter- 
mined with the aid of Fig. 3. The radiation data 
given here are limited to the general case of two 
infinite parallel planes: F4 1. For finite parallel 
planes, shape modulus F, is less than one.” 

The general relationship for heat transfer by ra- 
diation under the previous conditions is 

Q = o F, F4(Ty* — Tet) = Uraa(Tu — To) (4) 
or, by rearranging terms, 
oF, F4(Ty* — To*) 


ae (5) 


U rad 
1H = Fo 


where Ty and Tg are expressed here as absolute 
(Rankine) temperatures. 
The value of F. is given as a function of ey and 
eg in Fig. 3a. The intermediate radiation factor, 
oF y* — To") 


rf mae 


is given as a function of Ty — Tg in Fig. 3b. 





' 


£=0.5in 


t 














I, = 200F 
Fig. 4—Air-gap geometry for example solution. 


To determine U,oq, find the values of F; and the 
intermediate radiation factor from Fig. 3. Then, 
from Equation 6, assuming F, = 1, 


o(T,* — Tc*) 
. ] (6) 
wT «ec 


Urea = F, | 


“xample Solution 


Determine the overall heat-transfer coefficient 
across a horizontal air gap, Fig. 4, with one face 
at 400 F and the other at 200 F. Gap width L 
0.5 in. Assume that ex = e¢ = 0.2 and that the faces 
are infinite planes. 

For a horizontal air gap with T, 200 F, the 
chart in Fig. 2b is used to find U,.,. From this chart 
at L 0.5 in. and Ty 400 F, U... 0.855 
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Btu/hr/sq ft/deg F. 

By definition, U,,- does not include the effect of 
radiation. From Fig. 3a at ey = 0.2 and eg = 0.2, 
F, = 0.11. From Fig. 3b at Ty — Tg = 200 and 
To = 200 F, 

o(Ty* — To*) 
a = 3.15 Btu/hr/sq ft/deg R 
an ~~ Te 
From Equation 6, Uyaa = 0.11 (3.15) = 0.347 
Btu/hr/sq ft/deg F. Thus, the overall coefficient of 
heat transfer, U;,:, for the air gap is 


Utot = Uc,e + Uraa = 0.855 + 0.347 
= 1.20 Btu/hr/sq ft/deg F 


Total heat transfer across the air gap can now be 
evaluated from the general relationship, Q, = 
Ut:A(Tx — Tc) where Qto: is the total heat flow 
(Btu/hr) through a given area A. 


REFERENCES 
1. M. Jakob—Heat Transfer, Vol. 1, John Wiley & Sons Inc., New 
York, 1949, p. 538. 
2. D. C. Hamilton and W. R. Morgan—*‘‘Radiant-Interchange Con- 
figuration Factors,’’ NACA Technical Note TN 2836, December, 
1952. 


Tips and 
Techniques 





Solving Oblique Triangles 


When all three sides of an oblique triangle are 
given, the angles can be found without using the 
Law of Cosines. 

















a+p op 
Mm = — 5; 4 = —__— 
2 2 
When m and n are known, the angles can be 
found by using 90-deg triangle relationships—M. W. 
Lortus, Chicago, Ill. 
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ESIGN ABSTRACTS 


Loosening of Bolted Joints 


by small plastic deformations 


UNINTENDED loosening of 

bolted joints is unfortunate no 
matter why it happens. One of the 
most common ways is by plastic 
elongation of the bolt. Such plastic 
deformation will occur whenever 
the stress in the bolt exceeds the 
elastic limit. Obviously, this can be 
prevented by keeping peak stresses 
below the elastic limit at all times, 
but this solution is not always prac- 
tical or economical. For efficient use 
of bolts, clamping forces should be 
as high as possible, and it is com- 
mon practice to tighten bolts ini- 
tially to stresses near or even above 
the elastic limit. Furthermore, it 
may be anticipated that require- 
ments for bolted-joint applications 
of the future will be increasingly 
severe, necessitating minimum fac- 
tors of safety while demanding max- 
imum reliability. These conditions 
indicate a need for methods by 
which the amount of loosening may 
be predicted quantitatively. The 
same methods should permit rational 
determination of the best means of 
mitigating loosening in a particular 
application. 


Loosening by External Force: A 
bolted joint loaded in tension may 
be visualized as shown in Fig. la. 
The bolt is tightened initially to ten- 
sion F,, creating clamping force F,. 
at the mating surfaces. When the 
external force P is applied, the bolt 
tension increases from F; to Fs while 
the clamping force decreases from 
F,, to F.2. The free-body diagram is 
shown in Fig. Ic, and the equilib- 
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rium equation is Fz = P + Fy. 

As the bolt load increases from F; 
to F2, the bolt elongates an amount 
AX,. At the same time, the com- 
pressive force on the f-portion of the 
clamped parts increases from F; to 




































































Kee 
DEFLECTION 
Fig. 2—Typical force-deflection diagram 
for bolted joint with initial tension below 
the elastic limit. 


F,, resulting in a contraction of AX.,. 
Also, the compressive force on the 
n-portion decreases from F,; to F,2, 
hence it elongates an amount AX¢q. 
The total springback of the clamped 
parts is the difference between AX.» 
and AX,,. As long as the mating 
surfaces do not separate, the bolt 
elongation must equal the clamped 
parts springback. Hence, the nec- 
essary deflection relation is AX, = 
AXon — AXey. 

For a particular case, the fore- 
going relationships may be shown 
conveniently on a force versus de- 
flection diagram, Fig. 2. For this 
case, initial tightening load F; is 
less than the elastic-limit load Fy, 
the maximum bolt load Fy is greater 
than F,, and the clamping force F,2 
is greater than zero. Therefore, the 
mating surfaces do not separate. 

For equilibrium, the final bolt 
tension Fz; must equal the final 
clamping force F.z. These forces are 
found at the intersection of the re- 
spective lines. 

As a result of the first application 
of external force, loosening has oc- 
curred, and the bolt tension has 
decreased from F;, to Fs. 

After a second application of ex- 
ternal force, it will be found that F; 
equals F,. Since F2 does not exceed 
F, during the second load applica- 
tion, no plastic deformation of the 
bolt occurs, and there is no loosen- 
ing. Repetitions of the same external 
force will cause no further loosening. 

Results of sample calculations for 
several bolted joints are plotted in 
Fig. 3. In general, the curves show 
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Fig. 3—Effects of initial tension, gaskets, and spring washers 


on loosening due to external force. 


that if loosening is to be completely 
avoided for small or moderate values 
of external load, the initial tension 
must not exceed a prescribed maxi- 
mum value. On the other hand, 
loosening is unavoidable at extreme- 
ly high values of external load, but 
the amount of loosening can be 
decreased by tightening to higher 
values of initial tension. It can be 
seen that the spring washer results 
in substantially decreased loosening 
in all instances. 


It should be noted that some 
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Fig. 4—Effects of initial tension, gaskets, and spring washers 
on loosening by one application of impact load. 


bolted joint to absorb a certain 
amount of energy. 

For a given impact energy W, 
there is a maximum initial tension 
which should not be exceeded dur- 
ing tightening if loosening is to be 
avoided. The use of impact equa- 
tions is illustrated in Fig. 4. The 
curves show that if loosening is to 
be completely avoided for moderate 
values of impact energy, the initial 
tension must not exceed a prescribed 
maximum value. Loosening is un- 
avoidable at extremely high values 


bolted joints may be subjected after 
fabrication to a test load much 
higher than the external load expect- 
ed in service. Possible loosening due 
to the test load should not be over- 
looked. Also, it is obvious that lock- 
nuts or similar devices cannot be 
effective against the type of loosen- 
ing under discussion. 


Loosening by External Impact: 
An external impact load, such as 
that caused by the collision of two 
moving bodies, will require the 
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Fig. 5—Loosening caused by repetition of a large external force. 
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Fig. 6—Loosening caused by repeated impact with moderate 
pendulum energy. 
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THE TOMKINS-JOHNSON CO. « 


2425 W. Michigan Ave. 


Jackson, Michigan 





JACKSON, MICH. JAN. 3 
(TP)—‘Due to the tremendous 
initial response and the continu- 
ing acceptance and purchase of 
the new Tomkins-Johnson Squair 
Head Cylinders, it has been pos- 
sible to lower the basic price,” 
according to T-J personnel. In 
effecting this price cut, Tomkins- 
Johnson has again proven that 
acceptance of a quality product 
and the inevitable increase in 
manufacturing volurne CAN eco- 
nomically justify a price reduc- 
tion WITHOUT jeopardizing 
quality. 

The T-J Squair Head Cylinder, 
an interchangeable air cylinder 
for any pneumatic power applica- 
tion, was first introduced by 
Tomkins-Johnson in 1958. It was 
an immediate succesg_ because of 


INCREASED PRODUCTION... 
CREATES PRICE ADJUSTMENT 


on T-J Squair Head Cylinders 


its availability in a wide range 
of bore sizes and strokes . . . as 
well as the standard quality 
features, including the new T-J 
Super-Cushion for air cylinders. 


Other Standard Features 

Other standard T-J features 
that allow the T-J Squair Head 
Cylinder to retain its high quality 
comparison over other makes of 
air cylinders and still give you 
lower price are; solid steel heads 
and mounting plates, hard- 
chrome plated bodies and piston 
rods, leak-proof cylinder head to 
body construction, heavy duty, 
high tensile ground and polished 
chrome, plated piston rod, and 
many more . . . STANDARD 





AT NO EXTRA COST. 

Tomkins-Johnson, by virtue 
of the announced lower cost on 
its Squair Head Cylinder, wish 
to thank their customers for their 
initial acceptance which has been 
such a contributing factor in this 
price reduction. 


T-J Produces Complete Line 
Tomkins-Johnson also pro- 
duces a complete line of hydraulic 
and pneumatic cylinders for 
EVERY power drive application 
. including the very popular 
Spacemaker. If you need further 
information or complete catalog 
material, write T-J direct, or 
request it from your T-J sales 
representative. 
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President; Mrs. A. Miller, Treas-' 
and Miss L. Eberhardt, 1) 


The Tomkins-Johnson Company was founded in 1917 


The original pbncon 
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in your designs 


HEINZE D2 BLOWERS 
are REAL COOL 


Like wow! Heinze D2 Blowers, 
with durable plastic housings, are 
ideal for circulation of air, for cooling 
electronic components and equip- 
ment, and for cooling operations in 
vending machines, laboratories and 
similar applications. 

Powered by the exceptionally 
long-lived Type D 2-pole shaded pole 
induction motor, single blower unit 
delivers 10 cfm (free air), double 
unit 20 cfm, at 3100 rpm. Rated for 
115 V, AC, 60 cycles, blowers are 
also available for 50 cycle operation. 
CW or CWW roration. 

Standard units are available from 
stock for immediate delivery. Send 
coupon for complete technical data. 


SEND COUPON FOR NEW CATALOG 


ELECTRIC COMPANY 
685 Lawrence St. 
Lowell, Mass. 
Sub-Fractional Horsepower Motors and Blowers 


Heinze Electric Company, Dep't D 
685 Lawrence St., Lowell, Mass. 


Please send literature and prices on the entire line of 
Heinze Blowers. 


Name & Title 
Company 
Street & No 
City & State 
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of impact energy, but the amount 
of loosening can be decreased by 
tightening to higher values of ini- 
tial tension. 

Gaskets appear to increase loosen- 
ing somewhat under moderate im- 
pact loads, and to markedly reduce 
loosening under extremely large im- 
pact loads. 

In all instances, loosening is sub- 
stantially reduced by the addition 
of a spring washer. The effect is 
particularly remarkable at high im- 
pact. loads. 

Representative results are shown 
in Fig. 5 and 6 for loosening 
due to repetitions of a large ex- 
ternal force. Actual loosening was 
somewhat greater than that calcu- 
lated. Most of this discrepancy is 
probably due to loosening from 
other causes. It was also found that 
an extremely small amount of 
loosening occurred on each succes- 
sive load repetition after the first. 

Loosening due to repeated impact 
is shown in Fig. 6, At the moderate 
load of 48 in.-lb, there is substan- 
tially no loosening for initial ten- 
sions of 3000 and 6000 Ib. There 
is definite loosening for an initial 


tension of 9500 Ib. 


Conclusions: The designer must 
determine the amount of loosening 
which is admissible in a particular 
application. The toleration of some 
loosening by plastic deformation will 
permit the greatest external load for 
a given size bolt or the smallest bolt 
for a given load. 

The amount of such loosening 
can then be minimized by specify- 
ing high tightening torques. Use of 
spring washers or, depending on 
conditions, addition or removal of 
gaskets may bring the loosening to 
within acceptable limits. 


ASME Paper No. 60-WA-116, “Loosen- 
ing of Bolted Joints by Small Plastic 
Deformations,” presented at the Winter 
Annual Meeting, New York, Nov.-Dec., 
1960, 8 pp. 
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Analyzing Pneumatic Circuits 


Gil Riske, senior engineer, Hannifin 
Co., Div. of Parker-Hannifin Corp. 


Preparatory steps in basic circuit 





RELIABLE 


ELECTOMIC 
CLUTCHES 
and BRAKES 


Both the Electomic Dry Magnetic 
Particle Clutch and Brake feature: 


@ Fast response time — better than. 
5 milliseconds @ Excellent linearity 
— an important factor in computers 
@ Few moving parts — to assure long 
life operation @ High torques ®@ 
Smoothness @ No chatter 


| 


Type MPC-15 Electomic Clutch 
transmits high torque .90 in.-lb., per 
watt of input power. @ Speed: 5000 
RPM max. @ Output Inertia: 1.85 gr. 
cm’? @ Input Inertia: 21.5 gr. cm’ @ 
Weight: 8 ounces max. @ Resistance: 
140 ohms +5% @ Dielectric Strength: 
500 VDC e Life: 100,000 clutch cycles 
min. @ Response Time: Better than 5 
ms. @ Environmentally tested to meet 
or exceed Mil-E-5272C 


Type MPB-15 Electomic Brakes are 
designed for high braking 2.5 in.-lb., 
per watt of input power. @ Speed: 
5000 RPM max. @ Total Inertia: 2.0 
gr. cm’ @ Weight: 8 ounces max. 
@ Resistance: 300 ohms +5% @ Di- 
electric Strength: 500 VDC @ Life: 
100,000 braking cycles min. @ Re- 
sponse Time: Better than 5 ms. @ 
Environmentally tested to meet or 


exceed Mil-E-5272C 


For details write, 


wire, or call 


©12-60 mye 


TECHNOLOGY INSTRUMENT CORP, 


531 Main Street, Acton, Massachusetts 
COlonial 3-7711 
Brochure will be sent upon request.’ 
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analysis of steady flow systems, 
and some factors affecting the de- 
gree of accuracy of the calculations. 
The author suggests the use of flow 
factors to rate pneumatic valves 
and other components. The flow 
factor of a pneumatic component 
may be defined as the maximum 
air flow rate that can be put 
through it for each unit value of 
absolute supply pressure. 

The National Bureau of Stand- 
ards’ suggestion for determining 
the total flow factor of a series of 
components is reworked and sim- 
plified to a graphical process where- 
by the flow factors may be related 
to lengths of straight pipe or tub- 
ing of any internal diameter. 

NCIH paper, “Analyzing Pneumatic 
Circuits—It’s an Art,” presented at the 


16th Annual National Conference on In- 
dustrial Hydraulics, Chicago, Oct., 1960, 


15 pp. 


Bibliography on 

Diaphragms and Aneroids 

Lyman M. Van der Pyl, editor, chief 

chemist, Rockwell Mfg. Co., Pittsburgh 
Abstracts of 171 references compiled 
by a subcommittee of the ASME Re- 
search Committee on Mechanical 
Pressure Elements. This list includes 
many of the papers listed in the bi- 
bliography on “Diaphragms and 
Aneroids,” (ASME Paper No. 55-A- 
180, by G. H. Lee and L. M. Van 
der Pyl), with the addition of some 
missing papers and some later pa- 


pers. 


ASME Paper No. 60-WA-122, “Bibliog- 
raphy on Diaphragms and Aneroids,” pre- 
sented at the Winter Annual Meeting, 
New York, Nov.-Dec., 1960, 19 pp. 


bearings 


Externally Pressurized 

Journal Gas Bearings 

John H. Laub, California Institute of 

Technol~zy 
Investigation of externally pres- 
surized gas-lubricated bearings with 
multiple orifice feed. An analytical 
treatment is developed for a semi- 
cylindrical bearing with 9 orifices 
and for a cylindrical journal bear- 
ing with 192 radial and 24 axial 
orifices. 

Experiments are described on 
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all you have 


fora relay 


is a sudden 


impulse... 


An impulse relay—one that when pulsed 
will turn something on and leave it on and 
when identically pulsed again will turn the 
load off and leave it off—is nothing new. 
For years you've been able to buy them, 
complete with ratchets, pawls,escapements, 
walking beams, lock-in mechanisms, etc., 
in a regular commercial quality grade. 
Sequencing and stepping relays are the 
more educated relatives in the family. 


But in the recent trend of getting more 
things up in the air, and generally getting 
more and more out of smaller and smaller 
relays for practically no power and under 
unpleasant conditions, the standard 
commercial impulse relay has often got- 
ten dirty looks. Generally, it wouldn’t 
hold together under the vibration or 
shock levels, and its size and relatively 
short life further complicated things. 


Naturally, Sigma now has an im- 
pulse relay with none of the above 
drawbacks (mostly because it has 
none of the above mechanical 
mechanisms). SPDT contacts will 
switch 2 amp. resistive loads 


(28 VDC/120 VAC) 200,000 times; 
mechanical life with no contact load is 4 
million operations. It works on positive 
DC pulses as short as 1 millisecond, at 
speeds up to 10 pps. For the space, weight 
and power pinchers, this new hermetically 
sealed relay takes up 1” x 1” x 1%“, 
weighs about 24 ounces and transfers 
its contacts on as little as 250 micro- 
joules (e.g., 250 mw. for 1 ms.). Vibration 
immunity is in the order of 30 g’s to 
2000 cycles, operating temperature —65° 
to +125°C. About the only caution is 
that you’ve got to feed it pulses of the 
same polarity. 


We're building this little marvel and 
even have a few anxious customers. People 
who build telemetering equipment, sat- 
ellites, and perhaps computers as well, 
are the Sales Dept’s. great white hope. If 
you like binary counting schemes and 
~~, such, think of the possibilities if 
you hooked up several in se- 
quence. And with a small roulette 
wheel and an acquisitive impulse, 
one might do handsomely, 
mightn’t one? 





or 


SIGMA 


SIGMA INSTRUMENTS, INC. 
89 Pearl Street, So. Braintree 85, Mass. 


AN APFILIATE OF THE FISHER-PIERCE CO. 
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Excessive drilling and machining on vital defense forging. 


SOLUTION: 


AmForge engineers offered a design using new upset 
techniques. 

The head was forged closer to final tolerances, cutting 
down machining time. The stem was pierced, eliminating a 
costly drilling operation. 

Slight forging cost increase was more than offset by saving 
in machining. Also, strength was added to the critical stem by 
controlling distribution of metal and grain flow during piercing. 

If you have a similar problem part, consult AmForge. Write 
for our new brochure and the name of your nearby AmForge 
sales engineer. 


Remember: your problems ... our challenge! 


a division of American Brake Shoe 
Company, 1220 West 119th Street, 
Chicago 43, Illinois. Two plants in 
Chicago, one in Azusa, California 


WHEN IT'S A VITAL PART, DESIGN IT TO BE Pelee ra; 
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models of the two bearing configu- 
rations with specially designed fix- 
tures which incorporate pneumatic 
loading and means for determining 
pressure profiles, gas flow, and gap 
height. Correlation between theory 
and experiment is satisfactory. 
ASLE Paper No. 60 LC-15, “Externally 
Pressurized Journal Gas Bearings,” pre- 


sented at the ASLE/ASME Lubrication 
Conference, Boston, Oct., 1960, 16 pp. 


lubrication 


Behavior of Lubricating Oils 

In Inert Gas Atmospheres 

A. Beerbower and D. F. Greene, Esso 

Research and Engineering Co. 
Interactions of five gases (helium. 
hydrogen, nitrogen, argon, and 
carbon dioxide) with mineral and 
synthetic lubricating oils. Interac- 
tions examined included gas solu- 
bility, foaming, entrainment, evap- 
oration of oil into gas, stability of 
oil in presence of gas, and effect of 
dissolved gas on oil viscosity. Sev- 
eral of the gases showed behavior 
(appreciably different from that of 
air) that was not predicted by con- 
ventional theories. No important 
differences were found between 
mineral and synthetic (diester) oils 
in these respects. Additives used 
can have appreciable influence on 
the foaming and entrainment char- 
acteristics, and evaporation rates, 
of both types of oils. 

ASLE Paper No. 60-LC-6, “The Behav- 
ior of Lubricating Oils in Inert Gas At- 
mospheres,” presented at the ASLE/ASME 


Lubrication Conference, Boston, Oct., 1960, 
10. pp. 


techniques 


Dissimilarity Laws in 
Centrifugal Pumps and Blowers 
A. ]. Stepanoff and H. A. Stahl, Inger- 
soll-Rand Co. 
Use of affinity laws to predict the 
performance of a machine if tests 
of a geometrically similar model 
are available. Two kinds of dis- 
similarities are recognized: 


1. Planned dissimilarities between the 
different hydraulic machines as ex- 
pressed by the performance specific 
speed. 


2. Forced dissimilarities which are re- 
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quired to accommodate some special 
condition at the same performance 


specific speed. 


ASME Paper No. 60-W-145, “Dissimilar- 
ity Laws in Centrifugal Pumps and Blow- 
ers,” presented at the Winter Annual 
Meeting, New York, Nov.-Dec., 1960, 10 
pp. 


Stress and Deflection 
Calculations for U-Springs 


Joseph E. Fleckenstein, staff mechani- 

cal engineer, Johnson Service Co. 
Stresses and deflections in four 
types of U-springs, analyzed 
through application of Hooke’s law 
of elastic deformation. Final equa- 
tions are simplified, largely by the 
introduction of a parameter, to fa- 
cilitate industrial applications of U- 
springs. Moments, stresses, slopes, 
and deflections at all points in the 
springs can be calculated readily 
with the treatment presented. Ob- 
servations of experiments confirm 
the derived expressions. Merits of 
discriminately designed U-springs 
are illustrated, and brief compari- 
sons are made to other types of 
energy-storing devices, such as coil 
springs and torsion bars. 


ASME Paper No. 60-WA-172, “U- 
Springs—Stress and Deflection Calcula- 
tions,” presented at the Winter Annual 
Meeting, New York, Nov.-Dec., 1960, 
7 pp. 

VOOUNNEMULTONREAO AOU ERAANTONONADALeNOAGTOnEevAUA ENA LedoeNdaNdUreasadaqnecasaqnonenddUnennsnenegesddneesgqsueennyyanegiyni et 
TO OBTAIN COPIES of papers or arti- 
cles abstracted here, write directly to: 
ASLE—American Society of Lubrication 
Engineers, 5 North Wabash Ave., Chicago 
2, Ill; papers 50 cents to members, 75 
cents to nonmembers. 

ASME—American Society of Mechanical 
Engineers, 29 West 39th St., New York 
18, N. Y., papers 50 cents to members, 
one dollar to nonmembers. 
NCIH—National Conference on Industrial 
Hydraulics, sponsored by Illinois Institute 
of Technology, 3300 South Federal St., Chi- 
cago 16, Ill., Vol. XIV, Conference Pro- 
ceedings, 6 dollars each. 
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Correction 

The pneumatic force balance de- 
scribed on Page 113 of the October 
27 issue was developed by Sorte- 
berg Controls Co., South Norwalk, 
Conn. Fischer and Porter Co. is 
one of several companies that sell 
the balance. 
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ESSENTIAL TO NUMERICAL CONTROL 
LMM SISCINUD IAL) 


ELECTRIC 


CLUTCHES: BRAKES 


FAST ACTING 


POSITIVE 
ENGAGEMENT 
ond RELEASE 


REMOTE 
CONTROL 


COMPACT 
DESIGN 


SELF ADJUSTING 


NO TROUBLESOME 
WIRING 
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Photoelectric Control Unit 


Bulletin PE-7 describes new photoelec- 
tric control unit, a combination of elec- 
tronic timer and photoelectric scanner. 
Six systems that provide scanning ranges 
from 2 in. to 18 ft are described in de- 
tail. Typical applications, dimension and 
connections diagrams, and instructions for 
installation and adjustment are provided. 
2 pages. Farmer Electric Products Co. Inc., 
2300 Washington St., Newton Lower Falls, 
Mass. 
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Industrial Pumps 


Bulletin One describes an entire line 
of liquid material-handling equipment. 
Catalog pictures and describes power- 
driven pumps, variable-capacity pumps, 
proportioning systems, strainers, hand 
pumps, truck pumps, aluminum trans- 
porter pumps, and liquefied gas pumps. 
It also includes a preliminary selection 
guide for power pumps. Cut-away photo- 
graphs of pump models, and component- 
part drawings show the outstanding fea- 
tures of the units. 8 pages. Blackmer Pump 
Co., 1809 Century S.W., Grand Rapids, 
Mich. 
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Reset Timer 


New illustrated folder gives detailed 
information on Acrotimer, an external- 
clutch reset timer. Folder shows the basic 
unit and accessory elements, along with 
a reference chart of 12 standard variations 
available. Ratings of the unit and acces- 
sory elements are clearly stated, and de- 
sign and construction features are pointed 
out. Folder also shows blueprint dimen- 
sions of both the rear and panel-mounted 
series, as well as diagrams of six com- 
mon circuit arrangements. 4 pages. Hay- 
don Div., General Time Corp., 245 E. 
Elm St., Torrington, Conn. 
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Flow Indicators, Alarms 


Bulletin 132 describes flow-rate meas- 
urement meters designed to operate at 
pressures to 1500 psig. Units are pictured, 
and dimensional data are given. Chart of 
flow ranges is provided. Large line draw- 
ing is used to point out design features 
of the units. 2 pages. Brooks Instrument 
Co. Inc., Hatfield, Pa. 
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Voltage Reoulators 


More than 2000 voltage-regulator mod- 
els are described in Catalog 4-265. Pro- 
viding complete specification data for all 
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standard magnetic voltage-regulator mod- 
els, catalog also offers information on se- 
lection and use of regulators in de power- 
supply design. Convenient selection of 
desired electrical and physical characteris- 
tics from the new line are shown in large, 
fold-out chart. 10 pages. Power Supply 
& Voltage Regulator Operations, Raytheon 
Co., Keeler Avenue, South Norwalk, Conn. 
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Air Compressors 


Illustrated Bulletin 203 introduces C- 
Line packaged air compressors for indus- 
trial applications. Fully described and il- 
lustrated are all important features. Lon- 
gitudinal and transverse cross-sections 
with call-outs highlight important con- 
struction features. Brochure includes a 
complete list of dimensions, weights, and 
specifications for the units, furnished with 
or without drive. 6 pages. Clark Bros. Co., 
Div., Dresser Industries Inc., Olean, N. Y. 
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Motor Pump 


Useful information on a new, quiet- 
running motor pump is presented in Form 
70287. Booklet describes 1750K pump, de- 
signed with a 1750-rpm operating speed. 
It also tabulates operating data on all 
models. Figures are given for rated head 
and capacity of pumps equipped with % 
to 714-hp motors. Physical dimensions 
and mounting versatility data are pro- 
vided in tables and diawings. 4 pages. 
Ingersoll-Rand Co., 11 Broadway, New 
York 4, N. Y. 
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Bronze Bearings 


Stock List Brochure S-60 details 1066 
standard, self-lubricating, bronze bearing 
sizes. Included are Oilite bronze in cored, 
bar, plate stock, discs, and strips, and 
Super Oilite in cored and bar stock. 
Special section is devoted to engineering 
data with pictured demonstrations of the 
self-lubricating qualities of the bearings. 
18 pages. Amplex Div., Chrysler Corp., 
Box 2718, Detroit 31, Mich. 
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Wire Products 


Brochure DM-S-6014 contains condensed 
data on complete line of electronic hook- 
up wire. Booklet supplies specifications 
for a line of wire products with various 
insulations for a wide range of tempera- 
ture and environmental conditions. Also 
featured are Tri-Tin conductors and Hy- 
shrink tubing and sleeving. Additional 
technical data consist of tables covering 
decimal equivalents, temperature conver- 


sions, and AWG data for standard an- 
nealed copper wire. 12 pages. Dept. EFL, 
Anaconda Wire & Cable Co., 25 Broad- 
way, New York 4, N. Y. 
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Molding Compound 


Product Bulletin GS-2 provides data on 
Nylatron GS, a molding compound of 
nylon and molybdenum disulfide. Bulletin 
features a roundup of 45 new application 
case histories, as well as latest physical 
property data. Product advantages for 
both industrial designers and injection 
molders are included. 4 pages. Molding 
Resins Div., Polymer Corp., 2120 Fair- 
mont Ave., Reading, Pa. 
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Variable Inductor Coils 


New catalog contains charts and data 
information which graphically illustrate 
electrical parameters under various con- 
ditions for variable inductor coils. Charts 
can be employed to predict electrical 
parameters if form size, wire size, and 
winding construction are varied from the 
set conditions used in preparation of the 
curves shown. Depending upon the coil- 
design knowledge of the user, charts can 
be quite accurate for predicting re- 
sults of design changes. 20 pages. Dela- 
van Electronics Corp., 77 Olean Rd., East 
Aurora, N. Y. 
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Nylon Threaded Fasteners 


New standard specifications cover six 
head types available for nylon machine 
screws and six point types available for 
nylon headless set screws. Sheet gives 
complete details on threads and principal 
dimensions for all head types. 1 page. 
Gries Reproducer Corp., 400 Beechwood 
Ave., New Rochelle, N. Y. 
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Motor Selection Guide 


Bulletin 1024 is designed to assist in 
the selection of suitable motors from ¥ 
to 10,000 hp for specific installation on 
original equipment, in commercial build- 
ings, and industrial installations. Out- 
lined are ac induction motors, either low 
or high slip, for normal or troublesome 
loads. A number of mechanical varia- 
tions are shown. Also included is a sec- 
tion on constant speed, unity power factor, 
synchronous motors in horizontal or ver- 
tical construction. 12 pages. Electrical 
Div., Fairbanks, Morse & Co., 303 N. 
Henderson, Freeport, III. 
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yurveillance Drone 


Drone surveillance and reconnaissance gives U.S. Army 
combat units a high-altitude vantage point with much 
broader horizons from which to view battlefield action 
and terrain. 

If effective use of the data gathered by the drone— 
the ‘‘eye in the sky’’—is to be made, accurate instruments 
have to be on hand to monitor the drone’s position and 
movement, its operational behavior and its response to 
flight commands. Telemetry supplies the radio link which 
transmits all this behavior information to a thoroughly- 
instrumented mobile tactical command post developed by 
Tele-Dynamics Division of American Bosch Arma Corp. 

The Honeywell Model 1012 Visicorder has been selected 
as the direct readout unit in the Tele-Dynamics Drone 
Surveillance Telemetry system. In use with its companion 
instrumentation, the 36-channel Visicorder simultane- 
ously displays the 22 channels of information required to 
track a drone, plus the timing traces. 

In the Tele-Dynamics van, which serves as a tactical 
command post, the Visicorder provides both an instant 
“quick look’ and a permanent record of the drone’s 
operational parameters. 

Signals are transmitted over a single channel by time- 
multiplexing. Signal and battery strength, engine speed 
and temperature, pitch and roll commands, altitude, air- 
speed, attitude (pitch and roll), yaw, acceleration (hori- 
zontal and vertical), and angle of attack are recorded by the 
Visicorder,along with three separate records of vibration. 

Like the other units of the Tele-Dynamics system, 
these Honeywell Visicorders are built for rugged service 
... to deliver the data ... when the drone is up and the 
chips are down. 

Call your nearest Minneapolis-Honeywell Industrial 
Sales Office for a demonstration of how a Visicorder 
Oscillograph will save you time anc money in data acqui- 
sition. OEM inquiries invited. 

Reference Data: write for bulletins 906, 1012, 1108 and 1406. 











Minneapolis-Honeywell Regulator Co. 
Industrial Products Group, Heiland Division 
5200 E. Evans Avenue, Denver 22, Colorado 


44 actual size. 





4 


Record shown 


Honeywell 
if 


Hi) Qudusteial Produ Group 
} 


‘’ HONEYWELL INTERNATIONAL Sales and Service offices in all principal cities of the world. 


4, 
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EXCLUSIVE WITH CARTER! 


ROD SCRAPER PLUS 
ROD WIPER AS STANDARD 


J. I. C.Interchangeable sCJuareune Series features 2 Metal Rod 
Scraper plus a Rod Wiper in a quick change Cartridge — Double 
protection against chips, dirt, damage. Unitized cartridge rod 
bearing ... easy removal and replacement... no cylinder dis- 
assembly necessary! 


sO] UARELINE 2000-3000 PSI HYDRAULIC 
# 1%" to 12” bore ® True cushion-automatic concentric alignment 


© 100% JiC interchangeable © Positive piston locknut design 
© Delivery from stock! 


THE COMPLETE LINE 


CARTER FLUID POWER 


ROUNDLINE AIR-HYDRAULIC 





® Space saving designs! 
Light weight! 

@ Full 1 to 1 Meehanite cartridge 
rod bearing. 


* Spring loaded “V” packing on 
rod end gland. 


* Key type stainless steel locking 
ring. Allows 360° orientation 
of pipe ports. 


@ Precision honed heavy wall 
tubing —6 to 1 safety factor. 


ROTA RY, TORQUE ACTUATOR 
PNEUMATIC-HYDRAULIC 
® New design opportunities 
* To 370° rotation as standard 
® Safe, powerful torque 
* Air, oil, gas, water operation 


® Zero leakage 


STANDARD ROTATIONS 
0-100° 0-280° 
0-190° 0-370° 





IMMEDIATE DELIVERY ON ALL STANDARD CYLINDERS AND ACTUATORS 
FOR MASTER 


SEND ‘Oh Mast i CARTER © 


Complete bound file. Air and 
hydraulic cylinders. Rotaries, 
clamp cylinders, air valves,:and 
the new Ye ame Complete 
details and prices. SEND TODAY 
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Fractional-Horsepower Motors 


New folder details dimensions, ratings, 
and other application information on com- 
plete line of fractional-horsepower ac 
motors. Folder uses photographs, speci- 
fication charts, and engineering drawings 
to show design and performance details 
of the shaded-pole and permanent split- 
capacitor units. All factors of motor speed, 
power requirements, and dimensions are 
illustrated for each of the four types of 
motors shown. 4 pages. Leece-Neville 
Co., 989 Athens St., Gainesville, Ga. 

Circle 614 on Page 19 


Force Transducer 


Illustrated design and application bro- 
chure gives complete data on new force 
transducer, an accurate, fast-response, 
mechanical-to-electrical primary element 
for continuous measurement and control 
of varying amplitude forces. Section with 
cross-sectional drawings gives complete 
design details of the unit, and _ illustra- 
tions show special design features. Com- 
plete specifications for standard units are 
given. 4 pages. Force Transducer Sales 
Div., Hydro-Pneu-Tronics Inc., 3666 E. 
116th St., Cleveland 5, Ohio. 

Circle 615 on Page 19 


Liquid-Level Sensors 


Unitized liquid-level switches which 
combine an ultrasonic probe and a 
transistorized control into an integral unit 
are described in new folder. In addition 
to providing specifications, folder relates 
how the sensors, either as integral or 
separate units, monitor a large number of 
liquids, including cryogenics, chemicals, 
and petroleum products. 4 pages. Gauge 
& Control Marketing Dept., Acoustica 
Associates Inc., 10400 Aviation Blvd., Los 
Angeles 45, Calif. 

Circle 616 on Page 19 


Control Pilot Devices 


Bulletin GEA-7302 describes line of 
control pilot devices which includes pres- 
sure and vacuum switches, pressure gov- 
ernor, plugging and antiplugging switches, 
float switches, pilot switches, and man- 
ual-reversing switches. Advantages of each 
product are listed, along with rating and 
nomenclature charts. Photographs and 
diagrams depict each of the devices, and 
optional accessories are listed. 8 pages. 
General Electric Co., Schenectady 5, N. Y. 

Circle 617 on Page 19 


Timing-Belt Drives 
Information needed to select the proper 
timing-belt drive with minimum arith- 
metic is available in Catalog 19103. Cata- 
log features a series of charts which pro- 
vide graphical solutions in place of nu- 
merical calculations. One chart provides 
graphic selection of the proper pitch from 
the factors of design horsepower and 
speed of pulley of largest rpm. Drive- 
width selection charts and drive tables are 
included. 80 pages. T. B. Wood’s Sons 

Co., Chambersburg, Pa. 
Circle 618 on Page 19 
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Silicon-Power Rectifiers 


Series of technical data bulletins deals 
with three silicon-power rectifiers in Series 
IN. Bulletins cover specifications, order- 
ing references, and performance charac- 
teristics on 20, 35, and 70-amp units. 
Bulletins are numbered 6.304-1, 6.305-2, 
and 6.307. 8 pages total. Rectifier-Ca- 
pacitor Div., Fansteel Metallurgical Corp., 
North Chicago, IIl. 

Circle 619 on Page 19 


Miniature Plugs 


Catalog KQ/KR-1 presents a compre- 
hensive description of new line of minia- 
ture plugs, designed to meet severe re- 
quirements of aircraft and missile appli- 
cations. Line drawings and tables are 
used to present the specifications of the 
various units in the line. Explanation of 
nomenclature is also provided. Informa- 
tion on insertion and extraction tools 
is included. 12 pages. Cannon Elec- 
tric Co., 3208 Humboldt St., Los Angeles 
31, Calif. 

Circle 620 on Page 19 


Bolts and Screws 


New engineering data bulletin contains 
design characteristics of Long-Lok self- 
locking bolts and screws, a table of torque 
testing per MIL-F-18240 specifications, and 
temperature and strength data. Shown 
also are physical test data and typical ap- 
plications. 4 pages. ~Long-Lok Corp., 
2601 Colorado Ave., Santa Monica, Calif. 

Circle 621 on Page 19 


Reproduction Materials 


Applications and specifications for a 
broad range of diazotype reproduction ma- 
terials are condensed for easy reference in 
new selector chart. Printed on heavy 
stock, the 11 x 17-in. chart lists uses, 
base materials, image colors, printing 
speeds, stocks, trade names, price ranges, 
sheet and roll sizes, and_ eradicators. 
Simplified description of basic diazotype 
positive copy process is included. Freder- 
ick Post Co., 3650 N. Avondale Ave., 
Chicago 18, Ill. 

Circle 622 on Page 19 


Fine Wire 
New bulletin contains data on fine 
wire for semiconductors, resistors, po- 
tentiometers, thermocouples, electronic 
tubes, and other electronic applications. 
Chart on fine-wire applications, composi- 
tions, and pertinent properties is included. 
4 pages. Consolidated Reactive Metals 
Inc., 115 Hoyt Ave., Mamaroneck, N. Y. 
Circle 623 on Page 19 


High-Heat Paint 
Form 1206 describes Heat-Rem H-120A 
aluminum high-heat paint which resists 
temperatures to 1200 F. Complete data 
on applications, methods of application, 
coverage, resistance, and other features are 
provided. 3 pages. Speco Inc., 7308 As- 
sociate Ave., Cleveland 9, Ohio. 
Circle 624 on Page 19 
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YOU CAN PUT YOU 


THE REASO 


Why “MARK-TIME”’ 
MECHANICAL TIMERS 
should be INVESTIGATED! 


Low cost mechanical Timers, Time Switches and Time Devices can be quite 
sophisticated. For example: they can be designed to ring bells, flash lights, 
turn valves, cut cords, start, stop or operate electrical or mechanical equip- 
ment, and to do all this after a pre-selected time period has elapsed. 


The “Mark-Time” mechanical “memory” cannot fail due to an electrical 


failure since it is spring powered. 


y Re 


The “HEART” of the “Mark-Time” is 
of a new super-tough alloy which pro- 
longs mainspring life indefinitely. 

This new special steel virtually 
eliminates mainspring failure. This 
adds extra sales features to your 
product at no extra cost. 





c 


At present, we manufacture more 
than 3,000 DIFFERENT kinds of 
custom-built timers for industrial, 
consumer and military applications, 
Thus, we are the largest manufac- 
turer of mechanical timers in the 
world! 

Research and development work 
welcome—small runs our specialty. 

Sales engineers in 27 key cities 
at your service, 


“4 


The “MARK-TIME” Mainspring is 
Unbreakable! 


Tensile strength, durability and cor- 
rosive resistance is unexcelled. No 
other Timer on the market has these 
exclusive features. 


Write for your copy of this new 
Engineering Handbook on 
Timers, specifically written and 
illustrated for the Design and 
Development Engineer. 


Wy M. H. RHODES, inc. 
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Tomorrow's Electric Motors 
are available today ... . 


COMPUTER 


DESIGNED and PROVED 


BEST POWER FOR THE STANDARD OR 
THE UNUSUAL MOTOR APPLICATION .. 


Modern as the missile age ... Imperial electric 
motors are created with a background of more 
than 70 years of industrial drive experience. 


Now, through the use of electronic computers, 
multiple-design review is made possible in ad- 
vance of production. Optimum performance is 
assured while delivery of special-purpose designs 
is speeded. 


For standard NEMA motors and for motors to 
meet unusual drive requirements, you will do 
better with Imperial. Write for bulletin covering 
The Imperial Line of integral horsepower motors, 
generators and motor-generator sets for every 
application. 


DRIP-PROOF A-C 


MOTOR —Today’s 


Best Buy for Most Applications—Ratings 


‘E———, from 1 to 200 Hp. 


— Designs Include 


Flange and Face Types, Multi-Speed, etc. 


TOTALLY-ENCLOSED, FAN-COOLED 
A-C MOTOR Provides Dependable 
Operation Under Abnormal Conditions 
— Also Available in Explosion-Proof 
Design—1 to 100 Hp. 


PARTIAL A-C MOTOR... 


SHELL-TYPE SHAFTLESS MOTOR 
. . + Other Special or Specific 
Types... Provide Maximum 
Power in Minimum Space... 
Blend with Basic Design of 


Machines. 


<IMMPERIAL 


ELECTRIC COMPANY 


84 Ira Avenue -« 
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Ball Valve 


Bulletin DH-38 describes new forged 
naval bronze ball valve. In addition to 
stating the features of the valve, folder 
includes a cross-section illustrating con- 
struction of valve keyed to a material and 
dimensions specification table. Dimen- 
sional drawing and tables are incorporated. 
4 pages. R-P&C Valve Div., American 
Chain & Cable Co. Inc., Reading, Pa. 

Circle 625 on Page 19 


Panel Fastener 


Self-aligning, self-locking, P-Series panel 
fastener for use in a wide variety of re- 
movable-panel applications is described in 
new brochure. Material on features and 
applications, dimensional and material 
specifications, test data, and installation 
methods is included through use of 
photographs, charts, tables, and line draw- 
ings. 6 pages. Hi-Shear Corp., 2600 
W. 247th St., Torrance, Calif. 

Circle 626 on Page 19 


Adhesive-Bonding Films 


New fold-out catalog provides actual 
samples of more than 40 adhesive-bonding 
films, together with a quick method of 
selecting the proper film for hundreds of 
bonds. Descriptions of uses for which the 
various adhesives are available are pro- 
vided, and list of adhesive definitions is 
included. Girder Process Inc., 102 Hobart 


- St. Hackensack, N. J. 
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Miniature Bearings 


New brochure describes Inch Series of 
Class ABEC-7 instrument ball bearings. 
Major features of the units are pointed 
up. Specifications are presented, using 
tables and line drawings, and informa- 
tion on materials is included. 4 pages. 
Reed Instrument Bearing Co., Div., SKF 
Industries Inc., Front Street & Erie 
Avenue, Philadelphia 32, Pa. 

Circle 628 on Page 19 


Instrument Tubes 


Bulletin PA-391 describes characteristics 
and uses for instrument tubes manufac- 
tured specifically for instrument manufac- 
turers. It also gives information on frame 
grid tubes and secondary emission tubes 
which are a part of the new line. Pic- 
tures, tables, and charts are used to pro- 
vide necessary data. 8 pages. Write on 
company letterhead to Technical Informa- 
tion Services, CBS Electronics, 100 Endi- 
cott St., Danvers, Mass. 


Pump Selector 


Compact, pocket-sized, Econobloc and 
Econoped pump selector, G2903, includes 
a friction-loss estimator on its reverse 
side. Estimator provides for accurate cal- 
culation of the friction loss in a system, 
which must be considered to determine 
the total required head. Selector is de- 
signed for fast, accurate pump selection. 
Write on company letterhead to Stand- 
ard Products Account, Worthington 
Corp., Harrison, N. J. 
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. 1S WHAT YOU BUY! 


POWER — clean, dry, drip-free power at the business end of a 

Hannifin piston rod is the result of Hannifin extra quality, and at 

no extra cost. Bores are honed to 15 RMS or finer... piston 
rods are case hardened, plated and polished to 10 RMS or better. Cartridge 
gland, removable without dismantling cylinder, has exclusive Hannifin-developed 
“‘Lipseal®-Wiperseal’’ combination for a truly drip-free rod. 


Modern straight thread leak-proof ports for easily positioned fittings are available 
at no extra cost on hydraulic cylinders. 


HYDRAULIC 
CYLINDERS 


Two Pressure Ratings 


2000 psi (3000 psi non shock), the 
famous heavy duty Hannifin Series 
“H" in 13¢to 12” bore. 

1000 psi, Series‘‘L’’, 1’ to 8” bore, 
Hannifin quality in a lighter cylinder. 
Full compliance JIC Hydraulic Specs. 


ARKER 
ANNIFIN 
CORPORATION 


AIR 
CYLINDERS | 


Series ‘‘A’’—steel heads, honed brass 
body for corrosion resistance. Harden- 
ed and hard chrome plated piston 
rod. For all heavy duty air service. 
Easily modified for water service. 

Full compliance JIC Pneumatic Specs. 


New from Hannifin, a complete power 
package combining cylinder and 
solenoid valve. Only one air line 
connection. Four mounting styles. 
Interchangeable mounting dimensions 
for most applications. 


HANNIFIN COMPANY 


A DIVISION 
515 South Wolf Road e Des Plaines, Illinois 


PNEUMATIC AND Hyporautic SYSTEM COMPONENTS 


EUROPEAN DIVISION « PARKER-HANNIFIN N.V.* SCHIPHOL+ THE NETHERLANDS 
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Use Yellow Card, page 19, to obtain more information 


Miniature Filter Assembly 


for temperatures from 


—350 to +500 F 


Lightweight, miniature filter as- 
sembly for fluid-line systems offers 
universal, in-line applications 
wherever caustic and/or corrosive 
liquids or gases are handled. It is 
satisfactory for use with nearly all 
elements and blends, including food 
products. It can be used with 


gases to pressures of 2250 psi, and 
withstands temperatures from — 350 
to +500F. Unit is 11% in. square 
and approximately 2 in. long. It 
is all stainless steel, except for an 
enclosed, chemically inert, Teflon 
washer which seals the two halves 
of the body together. Filter ele- 
merit is a woven, wire-mesh screen, 
designed as a cylindrically shaped 
cup with a coned bottom. Design 
offers maximum flow and provides 
1.2 sq in. of filter surface, of which 
approximately one-half is open- 
flow area. Assembly is available 
in standard sizes to fit 14, and 3,- 
in. tube sizes. Dumont Engineer- 
ing Corp., 1401 Freeman Ave., 
Long Beach, Calif. 
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Small Motor 


operates at 23,000 rpm 
with 6 w power 


Gyro Spin motor features epoxy- 
encapsulated stator and _ external 
rotor with cast-aluminum squirrel 
cage. Model 108 operates on two 
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or three-phase, 400-cycle power; 
with an external capacitor it op- 
erates on single-phase power. It 
accelerates a 480 gm-cm? inertia 
ring in 50 sec, and operates at 23,- 
000 rpm with 6 w power. Exclud- 
ing inertia ring, dimensions are 
l'4 in. OD x % in. long. Curvin 
Development Co., 13740 Saticoy 
St., Van Nuys, Calif. 
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Precision Counters 


have 0.220-in. high figure 
in 0.305-in. opening 


Improved readability for below eye- 
level instruments is provided in 
Series 1736 precision counters. 
Maximum figure representation re- 
sults from removal of transfer 
pinions from an exterior location to 
within the unit, allowing use of 
larger number wheels. Units have 
a 0.220-in. high figure in a 0.305- 
in. opening. Internal-pinion units 
have a static torque of | oz-in. over 
a temperature range of —55 to 
+100C. Three or four wheels of 
figures are available, as well as 
plate extensions with stationary 


zeros and decimal-point indication. 
Counters can also be furnished with 
left-wheel stops. Frame and caps 
are black anodized aluminum, with 
drive of stainless steel. Drive 
shaft runs in miniature precision 
ball bearings, and is furnished as 
a left or right extension. Actual 
counting is performed by 0-9 unit 
wheels which register ten counts 
per revolution. Speed is 750 rpm 
intermittent and 300 rpm continu- 
ous. Veeder-Root Inc., 70 Sargent 
St., Hartford 2, Conn. 
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Cut Nylon Gears 


incorporate hexagonal 
metal hub 


Nymet line of precision nylon-cut 
gears with molded-metal insert 
hubs offers cut tooth gears to 3 in. 
OD with up to 1/-in. face in any 


quantity without tool charge. Gears 
are available in 48, 32, 24, 20, 16, 
and 12 pitch, and in 14!/ and 20- 
deg pressure angles. Resiliency of 
nylon employed in the gears dis- 
tributes any overload over more 
than one tooth, minimizing wear 
and failure. Hexlok hexagonal 
metal hub is inserted when the 
gear blanks are molded. It is locked 
radially by means of its hex shape 
and axially by means of a channel 
cut around the hexagonal face. De- 
sign offers maximum resistance to 
shock, torsion, and vibration. Gears 
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SHOCK-STRENGTH 
of steering spindle 
soars by 
designing it 

to be forged 





Modern board-lift forging hammer 


By designing front-end spindles to be forged, automobile and truck 
manufacturers practically eliminate danger of failure of these vital parts, even 
under sudden turning stress that can reach thousands of foot-pounds. 

Start your designs by planning to use forgings everywhere there’s a high 
degree of stress, vibration, shock, or wear. Forged parts withstand them all better 
than parts made by other fabrication methods. And forgings have no hidden 
voids to be uncovered after costly machining hours have been invested 
... the hammer blows or high pressures of the forging process 
compact the better forging metal, make it even better. 

Write for literature on the design, specification, 
and procurement of forgings. 


Whew i% ow wilal pat, desiqn it to be 


Drop Forging Association * Cleveland 13, Ohio 


Names of sponsoring companies on request to this megazine 
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Fabrication... 


NEW PARTS AND MATERIALS 





are cut with hub molded in the 
blank, providing superior concen- 
tricity of teeth and shaft. Inserts 
are of the extended-hub design; 
they are provided plain or drilled 
and tapped with socket-head set 
screws. Hubs are available in 
steel, stainless steel, brass, and alu- 
minum alloy. Climax Metal Prod- 
ucts Co., 863 E. 140th St., Cleve- 
land 10, Ohio. 
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Plastic Protectors 


for miniature, rectangular 
electronic connectors 


Close-fitting rectangular vinyl eaps 
provide effective, all-around protec- 
tion for miniature electronic con- 
nectors during manufacture, ship- 
ment, storage, and while in service. 
In addition to protecting connec- 
tors from impact damage, caps 
keep out moisture, dust, and con- 
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KNOW YOUR 


PISTONS 


Do you know that a set of Gillett 
& Eaton Oil Absorbing Vanasil 
pistons ran more than 2500 hours 
in a heavy duty tractor without 
any increase of blow-by? This is a 
40 % increase in life over standard 
pistons. 

In addition to Oil Absorbing 
Vanasil pistons, G & E makes 
tested and proven Aluminum 
Alloy, Hi-Tensile Iron, Bi-Metal 


For instance, Crane Packing 
Company’s new Teflon products 
plant was especially designed 
to obtain the highest quality 
fabrication of this material and 
includes the very latest in 
extruding, molding, curing and 


tamination. High dielectric strength 
of vinyl assures insulation against 


machining equipment. Result: 
parts and components that re- 
tain all of Teflon’s outstanding 
electrical, mechanical, anti-cor- 
rosive, heat-resistant and other 
properties. 


Whether you get this quality de- 
pends on your selection of a fab- 
ricator. Why not 

choose the best? 


Contact us about 
your requirements. 
Request Bulletin T-110. 


CRANE PACKING COMPANY 


6425 Oakton Street, Morton Grove, Illinois 
(Chicago Suburb) 


In Canada; Crane Packing Co., Ltd., Hamilton, Ont. 
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shorting out and the possibility of 
electrical shock. Protectors are 
bright yellow, conforming to mili- 
tary specifications. Twelve sizes fit 
specifications for rectangular con- 
nectors (MIL C-8384). Caps are 
easily and quickly removed by hand, 
and are nonshredding. Plastic 
Dept., S. S. White Industrial Div., 
10 E. 40th St., New York 16, N. Y. 
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Cadmium-Sulfide Photocell 


has high dark resistance 


CDS-9 cadmium-sulfide photocell 
consists of a cadmium-sulfide layer 
vacuum deposited over gold, comb- 
like electrodes permanently bonded 
to a hard-glass disc measuring 


0.750 in. in diam. With hermet- 





and Insert Types in all sizes. 
Write for information on the per- 
formance you can expect from 
each type. 


OLLe ry 4 gator NO 


VANASIL.. 


en ey 


a 


VANASIL @- INSERT 





ALUMINUM F IRON 


GILLETT & EATON, Inc. 


860 Doughty Street, Lake City, Minn. 


Sold in Canada by 
Gould National Batteries of Canada, Lid. 
Fort Erie, Ontario 


Piston and casting specialists 


Circle 474 on Page 19 





NEW PARTS AND MATERIALS 





ically sealed case, unit has approxi- 
mately 1!/, in. over-all diam. Varia- 
tions in light intensity reaching the 
sensitive layer cause a changing re- 
sistance, altering the current flow 
and permitting the cell to act as a 
light-activated switch. Unit has a 
resistance of over 1 megohm in 
darkness and has a broad response 
to visible light. At illumination 
levels of 1-50 ft-c, photocell permits 
direct control of a relay requiring 
as much as 10 ma for operation. 
Unit is nonpolar and can be used 
on ac or de. Power dissipation 
rating is 14 w continuous, 2 w for 
1 min. Maximum voltage is 500 
v de, or 350 v ac (rms). Pioneer 
Electric & Research Corp., 743 
Circle Ave., Forest Park, IIl. 
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Ceramic Heaters 


in a wide range of lengths, 
diameters, and voltage ratings 


Expanded line of ceramic heaters is 
available for spot-heat applications 
which require a cartridge-type unit 
without the watt density or rug- 
gedness of standard cartridge heat- 
ers. Applications include certain 
types of appliances, small tools, 
vending machines, embossing ma- 
chines, and instruments. Construc- 
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HOW 
IS IT 
FASTENED? 


WITH 
RIVNUTS! 


Fine metal furniture made by Chromcraft Corporation, St.Louis, 
Missouri, is fastened quickly and rigidly with Rivnuts. In 
making a quality product, Chromcraft feels it is essential to 
use heavy gage tubing, joined with concealed fasteners such 
as Rivnuts. In addition to improving product quality, the 
use of Rivnuts reduces assembly costs... streamlines design, 
purchasing, and handling operations for this manufacturer. 
If you’d like recommendations on improving your fastening 
please send a print of your part. Write for new data booklet 
which describes principle, typical applications of Rivnuts, 
lists size and tool data. For free copy 

write Dept. MD-2 B.F. Goodrich B.EGoodrich | 
Aviation Products, a division of The 

B.F. Goodrich Company, Akron, Ohio. RIVNUTS 
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PERMANENT 5 
-IN ANY a (= 


For original design — production salvage 
and ‘‘on-the-job’ thread repairs — use 
Heli-Coil” Stainless Steel Wire Screw Thread Inserts. 


HELI-COIL Standard Insert 


for stronger, smoother, lifetime threads 


Permanently protects threads against wear, 
stripping, corrosion, galling, seizing, vibration, 

and shock. Made of 18-8 stainless steel wire, 

this precision-formed Heli-Coil Insert has a 

tensile strength of approximately 200,000 psi. 

Conforms to military standards and all commercial and 
industrial thread forms. 





“HELI - COIL “Screw- Lock Insert _ 


eliminates lock wiring and lock nuts 

This one-piece wire Screw-Lock Insert provides 

all the thread protection of the Screw-Thread 

Insert, PLUS an exclusive resilient internal 

locking feature that eliminates clumsy protrud- 

ing lock nuts, lock wiring and other supple- 

mentary locking devices. It saves cost, space and weight 
— permits simple streamlined design in standard bosses. 
Meets military and N.A.S. specifications for locking 
torque and vibration. 


HELI-COIL Shop- pack 

for all “on-the-job” thread repairs 
Contains everything needed for fast, easy 
thread repair —on the spot! Salvage 
expensive parts — for pennies! Shop Pack 
restores threads to original size. Available 

in U.N.F. and U.N.C. sizes 6-32 to 114-6. 
There’s a kit for spark plug and pipe 
thread sizes, too. Each Shop Pack con- 
tains a supply of Heli-Coil Screw-Thread /@/ 
Inserts with special tap plus inserting tool. “ 


There is a complete line of Heli-Coil 

products for every thread need: inserts, taps, 

tools and gages. Let us help with your design and appli- 
cation problems. Write today for complete information. 


HELI-COIL CORPORATION 


502 Shelter Rock Lane, Danbury, Connecticut 
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tion of the core, including coils and 
terminals, is similar to that of 
standard cartridge units. It is 
packed with magnesium oxide and 
cemented with porcelain cement. 
Lead lengths and types are option- 
al; wide range of diameters, lengths, 
wattage, and voltage ratings is 
available. Vulcan Electric Co., 88 
Holten St., Danvers, Mass. 
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Recentering Mechanism 


in sleeve or 
ball-bearing design 


| Series 1300 mechanism is designed 
| principally for returning to center 


the shaft of components such as 


| syncros, potentiometers, encoders, 
| commutator switches, and gear 
| trains. Mechanism is available in 





@ 3103 


sleeve or ball-bearing design, with 


standard servo mounts or mount- 
ings designed for inclusion in the 
original design of components. 
Units are available with adjustable 
stops to 320 deg rotation, and meet 
MIL _ specifications. | MagneTec 
Corp., 7232 Eton Ave., Canoga 
Park, Calif. 
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Internal Wrenching Bolts 


have minimum 130,000 psi 
tensile strengths 


Internal wrenching bolts are avail- 
able for high-temperature applica- 


| tions to 1800 F. Bolts are fur- 


nished in popular thread sizes and 
lengths, and are made in high-tem- 
perature material AMS 5735 with 
minimum tensile strengths of 130,- 


| 000 psi. Heads accept standard 


Allen-type wrenches, and can be 
supplied with drilled holes for lock- 
wire installations when required. 
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Fasteners are also available in such 
materials as 19-9DL, Inconel X, 
M-252, Titanium, and other heat- 
resistant alloys. Mercury Air Parts 
Co. Inc., 9310 W. Jefferson Blvd., 
Culver City, Calif. 
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Molding Compound 


has excellent 
electrical resistance 


Copy-Cast two-part molding, bond- 
ing, filling, and shape-making com- 
pound resists acids, alkalis, grease, 
and solvents. Nonshrinking and 
noncrumbling, it holds its shape 
and can be worked and finished 
with ordinary tools. Compound has 
excellent electrical resistance, and 
adheres to most surfaces. Future 
Chemicals Mfg. Co., 4350 N. 
Whipple St., Chicago 18, III. 
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Printed Circuit 
of glass-bonded mica 


Nonwarping, high-reliability print- 
ed circuit utilizes Mykroy glass- 
bonded mica with deposited cop- 
per. Applications include circuits 
for ferrite memory systems, radar 
circuitry, substrate amplifier sys- 
tems, missile-control circuitry, and 
switching commutators. Glass- 
bonded mica is a dense, rock-like 
material resulting from the fusion 
of molten electrical glass and mica. 
Electrical and mechanical proper- 
ties make material superior for use 
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“Who's best for 


ON TIME 


deliveries 


of short 
i 
stampings? 


\ 
} 


Cn 


‘@ Freddy Federal says: ‘Fast production and on-time stamp- 
ing deliveries are our specialty. Every job is speedily 
handled, whether a limited prototype . . . a small pilot run 
... or 10,000 or more pieces. You receive all the benefits of 

streamlined tooling and work flow methods in our modern one-stop 
plants . . . plus skilled and experienced craftsmen who are personally 
interested in meeting your stamping requirements. Send us your 
part or print today for a prompt, money-saving quotation. Time 
real short? Just ask for a reply by wire or phone! It’s another Federal 
service to give you stamping deliveries on time!” 


Write for illustrated Catalog No. 301 with its many stamping design tips! 


FEDERAL TOOL & MFG. CO. FEDERAL SHORT RUN STAMPING, INC. FEDERAL STAMPING COMPANY 
3630 Alabama Avenue 930 Lyell Avenue 7330 Atoll Avenue 
Minneapolis 16, Minnesota Rochester 6, New York No. Hollywood, California 
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Payloader H-70—photo courtesy The Frank G, Hough Co. 


R/M sintered friction development 
use-proven in over 6000 Payloaders 


The Hough-built “PAYLOMATIC” P-600 
full power-shift transmission utilizes a 
wet-friction application jointly developed 
by The Frank G. Hough Co., Libertyville, 
Ill., and Raybestos-Manhattan. 


No friction failures 


Project engineer Harry Wilson says: ““We 
have over 6000 units in the field. There 
hasn’t been a friction failure in the lot. 
The design we developed with R/M’s co- 
operation has been use-proven. We’re well 
satisfied with R/M’s ability to help design 
and then deliver a superior friction mate- 
rial at a competitive price.” 


Several types of materials were tested in 
R/M laboratories and then on Payloader 
tractor shovels. Sintered bronze was the 
material chosen for the friction plates. 
Plate speeds range from 1370 to 6140 rpm; 
gross plate pressure to 180 psi. 


Unbiased recommendations 


Wherever you are, one of R/M’s 25 sales 
engineers can be at your desk within 24 
hours to help you tackle any friction mate- 
rial problem. Only R/M manufactures all 
types of friction materials—your assurance 
of unbiased recommendations ! 


Send for your free copy of R/M’s Bulletin No. 501. 
it is packed with helpful engineering information. 
Write today. 


mg 


“PAYLOMATIC" full power-shift transmission; 
3-speed, fully reversing, constant mesh, 
countershaft type with balanced, rotating, 
hydraulic clutches continuously pressure- 
filled, cooled and lubricated. 


This sintered friction 
plate, OD 5% in., is 
used in an oil-im- 
mersed application 
in “PAYLOMATIC” 
transmissions. The 
number of plates 

and the ratios 
vary between 

the models to 

meet torque 
requirements. 


RAYBESTOS-MANHATTAN, INC. 


EQUIPMENT SALES DIVISION 


Chicago 31 ° Cleveland 
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in printed circuitry since it has in- 
finite dimensional fidelity, does not 
outgas or carbon track, will not ab- 
sorb moisture or support combus- 
tion, is radiation resistant, and 
maintains a volume resistivity of 
+10° ohms per cm through 300 C. 
The 0.0005-in. copper conductive 
path is located within holes, or in 
grooves or counterbores on either 
or both surfaces of the circuit board. 
More than 5 lb static load is re- 
quired to break off a 20-gage wire 
when soldered to a 14-in. bull’s-eye. 
Any solder melting below 300C 
may be used. Boards are avail- 
able in sizes to 19 x 29 in. Elec- 
tronic Mechanics Inc., 101 Clifton 
Blvd., Clifton, N. J. 

Circle 639 on Page 19 


Plated Fasteners 
are highly 


corrosion resistant 


New line of Stanscrew plated fas- 
teners includes hex cap screws, hex 
and hex screws, carriage bolts, lag 
screws, and hex nuts in more than 
250 different types and sizes. Par- 
ticularly desirable for applications 
requiring extra corrosion resistance, 
fasteners incorporate fine zinc plat- 
ing. Standard Screw Co., 2701 
Washington Blvd., Bellwood, IIl. 
Circle 640 on Page 19 


Miniature Check Valve 


for operating pressures 
to 1000 psi 


Lightweight, miniature, in - line 
check valve permits free fluid flow 
in one direction and checks reverse 
flow. Valve is designed with one 
end for installation into a valve 
body and the opposite end for tube 
connection. Large, _ straight-line 
flow passages assure low pressure 
drop and minimum loss of power. 
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for your 
application 


This new catalog is an invaluable direc- 
tory to no less than 129 pump-and- 
electric-motor-combinations — any and 
all available off-the-shelf ! 


Searching for gear pumps with top volumetric effi- 
ciencies? Do your performance requirements fall 
into one of these three major groups? 
@ Eastern 1200 series — up to 1.6 gpm — 
pressures to 800 psi 
@ Eastern 100 series — up to 5 gpm — 
pressures up to 1500 psi 


Other Eastern products: 
@ hydraulic motors 


@ centrifugal pumps @ aircraft pumps 
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@ positive displacement pumps 


@ Eastern 700 series — up to 9.8 gpm — 
pressures up to 1500 psi 
If one or more of these performance ranges meas- 
ures up to what you need, save hours of searching 
your way through the gear pump maze — send for 
catalog 810 now! 


EASTERN 
INDUSTRIES, 
INCORPORATED 





Hamden, Connecticut 
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EDGE CONTROL 


Atcotran Edge Guide Control 
maintains constant, precise 
edge positioning (within 
0.001”) for accurate register of 
moving web. Range is 214” 
with only 14 oz. pressure on 
edge. Stable null balance cir- 
cuit. For paper, metals, tex- 
tiles, plastics, etc. 





THICKNESS 
MEASUREMENT 


ATC measuring devices for re- 
liable automation control sys- 
tems. Indicates and controls 
thickness to adjustable pre-set 
tolerance. Ideal for wallboard, 
sheet metal, plywood, plate 
glass, etc. 





WEIGHT SUMMATION 


ATC Cantilever Load Cells 
change force (or weight) to 
electrical signal, recorded as 
weight on servo indicator. Mul: 
tiple load cells may be alge- 
braically coupled for indica- 
tion-control of force, thrust, 
torque, etc. 





ADVANCED DIFFERENTIAL 
TRANSFORMER PRINCIPLE 
permits simple and rapid auto- 
mation of machine functions 
using standard off-the-shelf 
control components, indicators, 
recorders, and process control- 
lers. Discuss your applications 
and requirements with your 
ATC representative. 





EDGE POSITION ATCOTRAN 
TRANSMITTER AMPLIFIER 4am 





VERTICAL 


MOTION SCALE 
INDICATOR 


TRANSMITTER 
CONTROL 
RELAY 


TRANSMITTER 


CANTILEVER BEAM 
TRANSMITTERS 


' 


SERVO 
INDICATOR 


Send for literature on 
Atcotran Differential 
Transformer Experimental 
Kit—today! 


AUTOMATIC TIMING 


& CONTROLS, INC. 
KING OF PRUSSIA, PENNSYLVANIA 


A Subsidiary of American Manufacturing Company, Inc. 


, Div. of Interprovincial Safety Industries, Ltd., 5485 Notre Dame St., West, Montreal 30, Quebec 
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Weighing less than 1 oz, valve has 
a one-piece, leakproof, aluminum 
body and hardened, stainless-steel 
poppet and spring. Built for op- 
erating pressures to 1000 psi, valve 
cracks at 5 to 8 oz-in. and has a 
flow capacity of | gpm. It handles 
any fluid compatible witn the ma- 
terials in a —65 to +450F tem- 
perature range. Fluid Regulators 
Corp., 313 Gillette St., Painesville, 
Ohio. 

Circle 641 on Page 19 


Teflon Balls 


withstand high 
compressive forces 


Diameter and sphericity tolerances 
of Teflon balls are maintained 
within 0.601 in. Teflon provides 
chemical inertness, absence of need 
for lubrication, and resistance to 
temperature extremes. Balls with- 
stand unusually high compressive 
forces without permanent distor- 
tion or failure. Operating temper- 
ature range is from cryogenic to 
above 500F.  Tri-Point Plastics 
Inc., 175 I. U. Willets Rd., Albert- 
oon. Ll, BT: 

Circle 642 on Page 19 


Miniature Motors 
incorporate ball bearings 


DS-105 precision miniature motors 
are continuous or intermittent-duty 
units which meet JAN specifica- 
tions for smail motors and are ap- 
proved per military specifications. 


=... 
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RUSSELL, BURDSALL & WARD BOLT AND NUT COMPANY 





Technical-tties 
By Fred E. Graves 


Fastening of 
rigid joints 


Theoretically, there’s no such 
thing as a rigid joint. There’s 
always some elasticity of the 
fastened metals. For practical 
purposes, you can consider a 
joint rigid when the bearing 
areas of the metal-to-metal fas- 
tened members will not crush 
or yield before the full load- 
carrying capacity of screw or 
bolt is developed. 


PRODUCT BENEFITS 
Rigid joints afford a definite 
product advantage, They can 
take high strength hex screws 
or bolts tightened up to fas- 
tener yield strength or beyond. 
Under such tension, fasteners 
have demonstrated that they’ll 
stay tight despite vibration. 
They are resistant to fatigue 
from the constant load re- 
versals. High Strength Hex 
Screws cut costs and speed 
assembly too, since you can 
reduce size of the fasteners or 
their number, while actually 
improving joint strength. 


INSTALLATION HINTS 
When you’re connecting steel 
members of fairly heavy sec- 
tion, you’ve no problem getting 
a rigid joint. Just clamp them 
to the full fastener capacity. 
Thin sections can be reinforced 
and similarly fastened. And in 
joining milder steels or softer 
metals, use of a plate washer 
will distribute bolt load, pre- 
vent crushing and give the de- 
sired effect of rigidity. 
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When to plan on 
cold-formed special parts 





Bien forming is basically a large 
volume, low cost method of ob- 
taining component parts. 

Above you see four specific types 
of parts that benefit from this pro- 
duction method: 


ECCENTRIC SHAPES 
When the piece is radically eccen- 
tric, and is further complicated by 
having several different diameters, 
cold forming may prove the only 
way to produce the piece at a rea- 
sonable cost. Machining it from a 
bar would be prohibitive in scrap 
loss and machining time. 


MULTI-DIMENSIONAL DESIGNS 
When pieces are complicated, cold 
formers can often shape item in two 
or three blows. Tolerances are close 
enough for practical uses, and no 
further finishing need be done ex- 
cept for some secondary machining 
or drilling if required by the design. 


ONE-PIECE PARTS 
When simple, small two- or three- 
piece assemblies can be replaced 
with unit parts, the production man 
saves assembly time as well as mate- 


Circle 481 on Page 19 


rial costs; the designer gets a 
stronger part. For example: stud 
with integral hex, square, or round 
upset anywhere in-between. Note 
the extreme upset shown. 


PARTS WITH HOLES 
Nut formers produce parts by the 
thousands per hour like the one 
shown above. Holes are punched 
out, leaving smooth, clean, work- 
hardened and strengthened surfaces. 

Bear in mind that unlike machin- 
ing, cold forming cuts none of the 
metal’s flow lines. So parts are 
tougher and more fatigue-resistant, 
as well as more economical. 

As a fastener manufacturer, 
RB&W makes an ideal and experi- 
enced source of supply for such 
items. The same facilities used for 
standard screws and nuts can also 
pound out the required specials. 
Refer your problem to Russell, 
Burdsall & Ward Bolt and Nut Co., 
Port Chester, N. Y. 

Plants at: Port Chester, N. Y.; Coraopolis, Pa.; Rock 
Falls, Ill.; Los Angeles, Calif. Sales office and ware- 
house at: San Francisco, Calif. Additional sales 


offices at: Ardmore (Phila.), Pa.; Pittsburgh; 
Detroit; Chicago; Dallas, 
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HIGH FREQUENCY 
Suductiou 


apes 


heating equipment 
most practical and .efficient 
source of heat developed for 


numerous industrial applications 


Steel Bosses 
Selectively Hardened 





Bosses on part shown are locally har- 
dened to increase resistance to wear and 
plastic yielding. Surface hardening by 
induction provides hardness pattern in- 
dicated and hardness of Rc 57/59 for 
1040 steel when quenched in water. 


Hot Forming Aids Production 
Assembly of Nippers 








r 
—— 














The ends of high-strength steel rivets 
are selectively heated to 1700° F for 
hot upsetting. Design of coil permits 
——— of upsetting tool through the 
coil. 


WRITE FOR NEW LEPEL CATALOG 
L ; L HIGH FREQUENCY 
LPL LABORATORIES, INC. 
95th ST. & 37th AVE., WOODSIDE 77. N. Y. 
CHICAGO OFFICE: 6246 WEST NORTH AVE. 
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Incorporating ball bearings, the 
motors are available for dc opera- 
tion as shunt-series or split-field 
motors or as ac series-type universal 
units. Output ranges from 6 to 
115 v. At 8000 rpm, the dc ver- 
sion develops 1/100 hp and the ac 
version develops 1/200 hp. Weigh- 
ing 11 oz, motors are 2.562 in. 
long, plus a standard l-in. shaft. 
Other shaft lengths to fit special 
needs are available. Maximum 
shaft diameter is 0.250 in. OD of 
the steel-shell housing around mo- 
tors is 1.687 in. Motors are avail- 
able with or without flange-mount- 
ing bracket. Heinz Mueller Engi- 
neering Inc., 4725 W. Iowa St., 
Chicago 51, IIl. 

Circle 643 on Page 19 


Lid Support 


for right or 
left-hand uses 


Counter-balancing lid support, des- 
ignated 61-728, allows a full 90- 
deg opening of the lid. _ Front- 
mounted tension screw provides 
ease of adjustment. Unit is mount- 
ed on the surface, requires no mor- 
tising, and assures free access to 
the cabinet. Support is manufac- 
tured with light, medium (61-728- 
A), or heavy (61-728-B) tension 
spring. It is available in brass with 
lacquer coating and bronze fin- 
ishes, and for right or left-hand 
applications. National Lock Co., 
Rockford, III. 

Circle 644 on Page 19 


Flow Switch 


has only one 
moving part 


FS-925 flow switch is a low-cost, 
low-capacity unit that actuates on 
a preset flow rate. Highly sensi- 
tive, it is extremely dependable for 





Can you identify 
these springs? 


A.flat B.helical C.volute 0.extension 
E.helical F.cone_ G. helical, triple-coil 
H. rectangular section 


Over One Million 
ALCO SPRING 
DESIGNS 


ALcO’s complete line of ‘‘performance- 
rated’”’ springs ranges from small 
springs for light work to heavy-duty 
triple-coil springs for heavy, sustained 
work. 

In over 80 years, ALCO engineers 
have produced more than one million 
spring designs to serve almost every 
conceivable application. 

For your next spring job, contact 
your nearest ALCO sales office. To 
obtain brochure, ALCO Springs for 
Industry, write to ALCO Products, 
Inc., Dept. 160, Schenectady, N. Y. 


| ALCO} 


ALCO PRODUCTS, INC. 
NEW YORK 
SALES OFFICES IN PRINCIPAL CITIES 








Circle 483 on Page 19 





NEW PARTS AND MATERIALS 





detecting flow or lack of flow in 
small piping and tubing systems. 
Pressure differential of less than 1/ 
psi displaces the magnet-equipped 
piston. Permanent magnet in turn 
actuates the hermetically sealed 
switch contacts. All-bronze con- 
struction and single moving part 
provide complete reliability. The 
1/,-in. NPT ports permit the use of 
standard piping. Gems Co. Inc., 
Sheppard Lane, Farmington, Conn. 

Circle 645 on Page 19 


Door Interlocks 


eliminate cheaters 
and jumpers 


Three door interlocks feature a 
maintained-contact actuator posi- 
tion for checking hazardous elec- 
trical equipment. Interlocks auto- 
matically cut power to electrical 
components when service door is 
opened and turn it back on when 
door is closed. For checking equip- 
ment without using jumpers or 
cheaters, actuating plunger is pulled 
to maintained-contact position to 
keep power on. When door is 
closed, actuator automatically re- 
turns to normal position. Two 
series, 22AC and 23AC, differ only 
in the shape of the mounting 
bracket and location of mounting 
holes. Model 24AC, which con- 
trols two separate circuits at the 
same time, uses two switches. All 
three series feature high-strength 
thermoplastic actuating rods which 
have self-lubricating, low-friction 
properties for long life. Switches 
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NEMA 12 
Cabinets 


JIC Pull Boxes 


Pushbutton 
Enclosures 





| Open the door of a Keystone Nema 12 
/ cabinet . . . and you'll see the unmistakable 
| sign of quality. A positive, liquid-tight seal, 
plus durable construction and finish—make 
these enclosures perfect protectors for all 
types of electrical and electronic controls. 


Keystone has a wide range of both single 
and double door models in stock, all built 
exactly to JIC and Nema specifications. 
Special sizes can also be quickly produced 
to meet unusual application requirements. 


So better yet, take a good, long look at 
what Keystone has to offer in the way of 
Nema enclosures . . . you'll be glad you did. 


Write for your new Keystone Catalog 
of JIC and Nema 12 Wiring Enclosures 


KEYSTONE 


MANUFACTURING COMPANY 


DIVISION OF 
23332 Sherwood Ave ° 


IS INDUSTRIAL CORPORATION 
Warren, Michigan 
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Here’s another unusual job* 


Wi cn 


ee 


SPENCE 


VACUUM 


* In manufacturing woven felts used in papermaking, 
singeing is sometimes necessary to remove excess wool 
nap. But then the problem arises: how to remove the 
singe dust—evenly, smoothly, and without affecting 
color and texture of the felt. 

Machinery and Equipment Development Engineers 
and Purchasing at the Huyck Felt Co. in Rensselaer, 
New York found the answer. Working with Spencer 
people, they developed a system which... operating 

through a ‘floating’ pick-up tube (as shown 
above)... utilizes vacuum to do the job—cleanly, 
precisely, quickly. 

Perhaps vacuum can help solve your unusual 
design problem. We'll be glad to offer sugges- 
tions—at no obligation. 


Vacuum 
| Request Catalog No. 155B, 
‘ ‘‘Spencer Vacuum” 


Mine) od 1. | Ol =H 8 


SPENCER ES OR -30, De ete) Tar kG 
HARTFORD 6, CONNECTICUT 
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are rated for 10 amp at 125 or 250 
v ac; 14 amp at 125 v de; 14 amp 
at 250 v dc; 14 hp at 250 v ac. 
Micro Switch Div., Minneapolis- 
Honeywell Regulator Co., Freeport, 
Ill. 

Circle 646 on Page 19 


High-Temperature Thermostat 


for temperatures from 
—65 to +520F 


Type HT-500 thermostat is a snap- 
acting temperature control for ap- 
plications where a sealed unit and 
high vibration resistance are re- 
quired, such as gasoline and diesel 
engines, compressors, and exhaust 
systems. Unit is especially designed 


for air-cooled engines where it 
serves to shut off the magneto at 
head temperatures of 400 to 520 F. 
Other features include ease of in- 
stallation, completely sealed con- 
struction, high-temperature fused- 
glass insulation, and extreme rug- 
gedness. Unit is single pole, single 
throw, normally open or closed. 
Temperature setting range is —65 
to +520F. Therm-O-Stats Inc., 
P. O. Box 303, Chartley, Mass. 
Circle 647 on Page 19 


Safety Switch 


30-deg tilt of appliance 
opens the circuit 


TO safety switch utilizes the prin- 
ciple of a suspended weight main- 
taining its vertical position at all 
times. When properly mounted in 
an appliance, switch contacts are 
held closed until appliance is tilted 
30 deg or more. At this point the 
vertical weight remains in position 
and exerts a lifting motion on the 
operating contact spring, which 
opens the circuit. Applications in- 


MAcHINE DEsIGN 





Smallest, Fiercest of mammals, the 
mole-like, fractional-ounce shrew con- 
sumes several times its own weight of 
insects daily — may even kill and eat mice 
many times its own size. In fact, this little 
lightweight is so formidable that its name 
has been adapted to classify certain 
human traits; for example, *‘shrewish" 
and *'shrewd", 


Miracles in 
Instrumentation 


ACTUAL SIZE OF THE MPB BEARINGS ) 


IN ACTUATOR SHOWN ABOVE 
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ideal For Missiles and other space- 
saving applications, this tiny rotary actua- 
tor meets military specifications for high 
speed torque. Measuring 2%” x 2%” x 
1%” it is 50% smaller, weighs 50% less, 
than its predecessor. MPB bearings, first 
selected as shaft supports for special 
models, proved so satisfactory that they 
are now specified on standard models. 


Man With Miracles. Like all MPB 
Sales Engineers, Ray Sparks has had con- 
siderable experience in helping designers 
choose exactly the right MPB bearings for 
best results in miniaturization or in instru- 
mentation — or in both. He is well qualified 
to bring expert advice to your own product 
development and solution of problems in 
these fields. 


Specialized customer service is one of the most valued features of 
MPB engineering. In addition to developing new precision bearings for miniature 
and precision applications, the news-making MPB Technical Center at Keene 
provides customers with constant teamwork in the development of modern 
mechanisms. For details about MPB service—and for a catalog on MPB bearings, 
the world's largest line — write to Miniature Precision Bearings, Inc., 


82 Precision Park, Keene, N.H. 


ME-B Helps you perform 
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are small 


precision metal parts 
ruining your 
appetite ? 


Do you look at the Chef’s Special and see only small precision 
metal parts? Does your caviar taste like old production orders? 
What you’re suffering from is small component indigestion . . . 
and Torrington is the specialist to cure it. 

Manufacturing special metal parts is a full-scale business with 
us. We’re geared to turn out whatever you need with the preci- 
sion, finish, temper and hardness you need . . . turn it out at high 
speed at a cost surprisingly lower. We have the specialized skill 
and engineering experience to handle the job from start to finish. 

If you need special parts in large quantities, don’t decide any- 
thing until you’ve called us. Better still, send us a blueprint of 
the part you want. Our estimate will be prompt and accurate. 


progress through precision SPECIAL METAL PARTS 
THE TORRINGTON COMPANY 





Torrington, Connecticut 
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clude hair dryers, vaporizers, open 
ovens, and room heaters. Norwalk 
Thermostat Co., Woodlawn Ave., 


Norwalk, Ohio. 
Circle 648 on Page 19 


Organic Fiber 


will not conduct 
heat or electricity 


Pluton all-organic, heat-resistant 
fiber retains its flexibility and part 
of its strength after exposure to in- 
tense heat. Available as a fabric, 
it also can be worked into lam- 
inates reinforced with high-temper- 
ature phenolic resin to form struc- 
tural parts or molding compounds. 
Fiber is entirely free of elemental 
carbon and conducts very little 
heat or electricity; it does not char 
or melt. Minnesota Mining & Mfg. 
Co., 900 Bush Ave., St. Paul 6, 


Minn. 
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Gear Motor 


continuous-duty unit 
assures quiet, long life 


VW-22 subfractional, four-pole, 
shaded-pole gear motor is available 
in 1/30, 1/60, and 1/100-hp sizes, 
in nine speeds from | to 200 rpm. 
Unit is designed for continuous 
duty, and operates at low speed, 
assuring quiet, long life. Motor is 
less than 6 in. long, less than 4 in. 
in diam, and weighs between 4 and 
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6 Ib. It is fan cooled, with pre- 
cision-cut gears and _ oil-impreg- 
nated bronze bearings. Von Weise 
Gear Co., 9353 Watson Industrial 


Park, St. Louis 26, Mo. 
Circle 650 on Page 19 


Brake-Clutch Components 


in size 8 and 11 provide 
fast stopping or starting 


Two electrically operated brake- 
clutch components in size 8 and 11 
have standard BuOrd mountings. 
They are available for use in mo- 
tor-potentiometer, motor-gearhead, 
or other control-assembly configura- 
tions requiring fast stopping or start- 
ing, or in systems requiring engage- 
ment or disengagement from contin- 


uously running driving sources. Size 
11 brake-clutch weighs less than 5 
oz and is 1.839 in. in length, ex- 
clusive of shafts. Minimum brake 
or clutch torque is 16 oz-in., and 
total response time from brake-dis- 
engage to clutch-engage is 23 milli- 
sec. Unit is designed for 28 v dc 
operation. Size 8 unit is 1.530 in. 
long and weighs 2.5 oz. General 
considerations are similar to the size 
11, but brake-disengage clutch-en- 
gage time is faster, 12 millisec. 
Torque for braking or clutching is 
8 oz-in. minimum. Bowman Instru- 
ment Corp., 8000 Bluffton Rd., Ft. 
Wayne, Ind. 
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Small Valves 


for operating pressures 
to 100 psi 


Three-way Micro valves feature 
. male pipe connections which turn, 
permitting installation without the 
use of unions. Valves, which pro- 
vide fast, positive snap-action, can 
be manifolded together easily for 
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Adjustable Diameter and Open 
| THOMSON 





ry \te: 





Adjustable Diameter 
BALL BUSHING 
for Zero Clearance 


“watyer” LINEAR MOTIONS 
i \ | a = a 





Open BALL BUSHING 
for Zero Clearance on 
Supported Shafts 


Precision Series ‘‘A’’ and 
Low Cost Series ‘‘B'’ BALL BUSHING 





Sliding linear motions are nearly always LOW FRICTION - ZERO SHAK OR PLAY 
troublesome. Thousands of progressive 
engineers and designers have solved this ELIMINATE BINDING AND CHATTER 


problem by application of BALL BUSH- 
INGS on guide rods, reciprocating shafts, SOLVE SLIDING LUBRICATION PROBLEMS 
LONG LIFE - LASTING ALIGNMENT 


push-pull actions, or for support of any 
The various types cover a shaft diameter 





mechanism that is moved or shifted in a 
straight line. 


Improve your product! Up-date your 
design and performance with Thomson 
BALL BUSHINGS! 


range of 4” to 4”. Small sizes available 
in Stainless Steel. Write for literature and 
mame of our representative in your city. 


THOMSON INDUSTRIES, Inc. 


Dept. E, MANHASSET, NEW YORK 
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Also Manufacturers of NYLINED Bearings .. . Sleeve Bearings 
of DuPont Nylon, and 60 CASE...Hardened and Ground Steel Shafting 
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multiple operation. They are avail- 
able for operating pressures to 100 
psi in a variety of orifice sizes, ma- 
terials, and types of operators. In- 
struments Inc., P. O. Box 556, 
Tulsa, Okla. 
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Flexible Plastic 


carries solvents at 
temperatures to 175 F 


Flexible plastic which resists most 
chemicals and solvents makes pos- 
sible lightweight, flexible, reinforced 
ducting and tubing in diameters 


from 1 to 4 in. in a variety of 
lengths. Dynaflex P-5932 safely 
carries solvents in liquid and vapor 
form at temperatures to 175F. It 
successfully resists fuels, bases, and 
organic solvents including most 
aromatics and alcohols. While some 
organic solvents may cause swelling, 
material still retains its strength 
and impermeability. It is available 
for applications such as custom duct- 
ing, and suction and low-pressure 
hose, wherever resistance to solvents 
is required. Hose can be furnished 
in both compressible and stretchable 
forms. Dayton Dayflex Plastics Co., 
Div., Dayco Corp., Dayton, Ohio. 
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Molding Material 


has high heat resistance 


RX 600 molding material is a glass- 
reinforced phenolic which offers ex- 
cellent electrical properties in the 
presence of moisture, in addition to 
excellent heat resistance, dimen- 
sional stability, and flame resistance. 
A high-temperature molding mate- 
rial, it is intended for critical insu- 
lation and structural applications 


such as connectors, cams, gears, and 
coil forms. Material molds at ex- 
tremely low pressure and can be 
used without difficulty in all types 
of automatic equipment. Material 
has continuous heat resistance of 
over 450 F. Rogers Corp., Rogers, 
Conn. 

Circle 654 on Page 19 


Terminals 


withstand heavy wiring 


Two Cambion feed-through termi- 
nals and two stand-off terminals 
are designated No, 1040, 1041, 1042, 
and 1043. They are designed to 
withstand heavy wiring in produc- 
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tion and prototype work. No. 1040 
is a single-turreted, stand-off ter- 
minal. No. 1041 is a feed-through 
terminal with a single turret at 
each end. No. 1042 is a feed-through 
terminal with a double turret at one 
end and a single turret at the other. 
No. 1043 is a feed-through termi- 
nal with double turrets on each end. 
All four terminals have shank di- 
ameters of 0.090 in. Terminals are 
brass per QQ-B-626a, Comp. 22!/ 
hard, finished in 0.003-in. silver 
plate plus water-dip lacquer. Cam- 
bridge Thermionic Corp., 445 Con- 
cord Ave., Cambridge 38, Mass. 
Circle 655 on Page 19 


Speed Reducers 


are furnished in two 
gear-train constructions 


Double-reduction Syncrogear speed 
reducers incorporate an improved 
gear arrangement for low-speed, 
high-torque, extra-capacity working 
performance. Reducers are provided 
in two types of gear-train construc- 
tion, depending on the rating of the 
unit. Fully hardened helical gears 
give maximum speed reduction and 


eliminate gear breakage caused from 
heavy-duty loads. Reducers are 
driven by a separate, direct-con- 
nected motor. Direct connection can 
also be made on the take-off shaft, 
or an indirect connection by means 
of a V-belt or chain drive. Reduc- 
ers are available in capacities from 
14, to 75 hp with ratios from 5:1 
to 47.4:1. U. S. Electrical Motors 
Inc., Box 2058, Terminal Annex, 
Los Angeles 54, Calif. 

Circle 656 on Page 19 


Silicone Varnish 


for both 180 and 
220-C systems 


No. 981 Class H varnish cures at 
150 C in 6 hr. It is as easy to proc- 
ess as most Class A and Class B 
varnishes, eliminating the need for 
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high-temperature curing ovens. The 
dipping and impregnating varnish 
meets AIEE requirements for both 
180 and 220-C systems. Despite the 
low curing temperature, varnish has 
greater heat stability than other var- 
nishes. Varnish is especially suited 
for impregnating large electric 
equipment such as transformers of 
500 kva or larger, traction motor 
armatures, motors, and generators. 
It also provides complete impregna- 
tion and troublefree curing for fine 
magnet-wire coils of electronic trans- 
formers and servo motors. Dow 
Corning Corp., Midland, Mich. 
Circle 657 on Page 19 


Leakage Limit Gage 


precisely controls 
any liquid or gas 


New type of leakage limit gage is 
adaptable in applications where a 
preset flow is desired from zero to 
a predetermined maximum flow 
range of approximately 500 cu cm 
per min. This is readily accom- 
plished within 1 per cent accuracy 




















CAUBRATING SCREW COMPENSATING BI-METAL 


FACTORY SET AND SEALED 


Here for the first time is a compact, dependable 
overload relay that compensates for both heat and 
cold. As shown here, the balancing or compensat- 
ing bi-metal and the working bi-metal are identi- 
cal in size and construction and are joined by a 
coupling bar. As the ambient temperature rises 
above or falls below 72°F, the balancing bi-metal 
operates through the coupling bar to maintain the 
same tripping time over a temperature range from 
—20°F to +165°F. Compensating action is fully 
automatic. Relays use standard A-H Heaters and 


ARROW 


Motor Controls « Wiring Devices « 


operate equally well with either quick-trip or reg- 
ular types. The switching mechanism itself em- 
ploys the same positive snap-action featured in all 
A-H Overload Relays. Calibrating screw permits 
precise adjustment at the factory and needs no 
further adjustment. Available in ratings from 25 
to 300 amperes, continuous current, these new 
Ambient Compensated Relays can be supplied 
with all sizes of Arrow-Hart ‘“‘RA”’ Magnetic 
Starters .. . or as individual units for use as sepa- 
rately mounted relays. 


FOR COMPLETE INFORMATION AND 
ENGINEERING DATA .. . write now to The 
Arrow-Hart & Hegeman Electric Company, Dept. 
MD, 103 Hawthorn St., Hartford 6, Conn. 


HART 
Kuali cince (890 


Appliance Switches « Enclosed Switches 
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WOOD'S NEW “SVS” DRIVES 
WONT FREEZE OR STICK... 
NO LUBRICATION IS NEEDED 


have positive 
Veriable Speed Sheaves a 
sheave parts into place, eliminating 
the need for lubrication 


_,. because Wood's “$v5" 
‘ Hlors which securely clamp 
yg wom and freezing as well os 


190D'S “SVS” DRIVES AR 
WON CAPACITIES FROM 


Wood’s stationary control, variable 
speed drives, including SVS types, are avail- 
able in capacities from fractional 
to over 300 hp using conventional v-belts. 

Wide range VPS types are available 
in capacities from 1 to 20 hp. 


Write for BULLETIN 6102. 


T. B. WOOD'S SONS COMPANY . CHAMBERSBURG, PEWNSYLVANIA 


ATLANTA + CAMBRIDGE - CHICAGO - CLEVELAND - DALLAS 


SVS/2361 
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standard. Another version, the vari- 
able flow control, is furnished in 
the following ranges: 0 to 250 cu 
cm at | per cent accuracy; 250 to 
500 cu cm at 2 per cent accuracy; 
500 to 3000 cu cm at 3 per cent 
accuracy. Instrument can be roughly 
handled or disassembled, cleaned, 
and reassembled without any change 
of preset characteristics. Standard 
components are stainless steel un- 
less otherwise specified. Acme In- 
dustrial Co., 200 N. Laflin St., Chi- 
cago 7, Ill. 

Circle 658 on Page 19 


Centrifugal Motorpumps 


have 1750 rpm speed 
for quiet operation 


Called 1750K-Line, centrifugal mo- 
torpumps are particularly suited for 
air-conditioning and heating in- 
stallations, as an integral part of 
machinery where low noise level is 
important, and on machine tools. 
Units run very quietly because of 
the 1750-rpm_ operating speed. 
Pumping rates range from 15 to 500 
gpm with heads to 110 ft, Ball- 
bearing motors are from 3/4 to 71/4 
hp, and are available in drip-proof 
or totally enclosed construction. 
Pump can be mounted in a variety 
of positions, providing the motor is 
kept higher than the pump; no spe- 
cial foundation or baseplate is 
needed for mounting. Intake and 
discharge nozzles are cast integrally 
as part of the pump casing, elimi- 
nating alignment problems and need 





(4 ERIEZ Magnetic Minute 


60 seconds that will help you 
improve operating efficiency. 


NY A r 
HOW TO BUILD A PLUS into 
PLANT AUTOMATION systems 


You can often boost the sales appeal 
and value of your equipment by incor- 
porating Eriez Magnamation® (magne- 
tic automation) components. 


For example — Eriez Magna-Rails 
fastened under conveyor belts provide 
safe, positive hold of ferrous parts. They 
swiftly convey, control, and elevate parts 
up or down inclines as steep as 90°; 
increase safety and reduce damage by 
preventing slippage; save valuable floor 
space by permitting shorter belt spans 
and closer grouping of machines. 

Magna-Rails are available with or 
without extruded aluminum covers — in 
3 standard strengths and increments of 
up to 8’ in any one section. Assembly 
width is 4”. 


Eriez broad experience with OEMs, 
designers and direct users is available to 
assist you in the application of magnetic 
components to materials handling equip- 
ment. Write to: 


ERIEZ MANUFACTURING CO. 
131PA Magnet Drive, Erie, Pa. 


MAGNA-THOUGHT 
By using exactly the right 
magnetic material for a 
given application. Eriez 
can provide each custo- 
mer with precisely the 
right equipment to do a 
particular job. 


4 W. J. FALLER 


Product Mgr. Automation 


A GROWTH COMPANY... 
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for special couplings. Casing can be 
rotated and set to direct the pump 
discharge in any of four directions, 
eliminating pipe joints and angles. 
Ingersoll-Rand Co., 11 Broadway, 
New York 4, N. Y. 

Circle 659 on Page 19 


Inline Air Valves 
for temperatures from 40-175 F 


Headline lightweight, inline air 
valves have low response time, 
minimum pressure drop, and long, 
troublefree life. Poppets achieve full 
flow in short travel, have Buna-N 
resilient poppet seals which auto- 


matically compensate for normal 
wear. Both body and poppets are 
anodized aluminum alloy for maxi- 
mum wear and corrosion resistance, 
and zinc-plated steel is used for pop- 
pet stems. Light weight of the mov- 
ing parts assures rapid response, and 
smallness reduces impact energy to 
a minimum. Air or solenoid op- 
erated valves are available in 
straightway, three, and four-way 
types from 14 to 11/4-in. pipe sizes. 
It conforms to JIC standards, han- 
dles air or other fluid pressures of 
30-150 psig in the head and 5-150 
psig in the body. Temperature range 
of service is 40-175 F, with ambient 
air range from 40-120 F. Ross Op- 
erating Valve Co., 120 E. Golden 
Gate Ave., Detroit 3, Mich. 

Circle 660 on Page 19 


Pushbutton Switch 

for low-power applications 
Series S6 molded pushbutton switch 
is designed primarily for applica- 
tions not exceeding 50 w. Switch 
is suitable for controlling relays, 
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60 seconds that will help you 
improve operating efficiency. 
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HOW TO BUILD A PLUS INTO 
HEAVY-DUTY MATERIALS 
HANDLING EQUIPMENT 


If the problem is feeding large tonnages 
of bulk materials with accurate control, 
consider including Eriez patented heavy- 
duty vibratory feeders in your new 
designs for materials handling equipment. 


No rectifier is needed with Eriez AC 
powered feeders. Totally enclosed elec- 
tro-permanent magnetic drive is ideal for 
hazardous, dusty, wet, and corrosive in- 
stallations. New fibre glass springs assure 
superior performance and control .. . 
longer life because spring breakage is 
practically eliminated. Heavier, more 
rugged construction withstands severe 
operating conditions. Simple, compact 
controls require less wiring and installa- 
tion time. 


Illustration shows one of a number of 
Eriez units available for heavy feeding 
applications where big capacity and ac- 
curacy are essential. Eriez Hi-Vi® vibra- 
tory feeders include models with feeding 
capacities ranging from ounces to many 
tons per hour. 

Write for descriptive bulletin to: 


ERIEZ MANUFACTURING CO. 
131PB Magnet Drive, Erie, Pa. 


MAGNA-THOUGHT 


Companies using Eriez 
components know we will 
remain faithful suppliers 
— not potential competi- 
tors. 


RF. Waar 


R. F. MERWIN 
i'resident 


A GROWTH COMPANY... 
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Now1.D.U. 


A complete, packaged unit 
that gives you precise control 
of intermittent motion from 

a constant rotary power source! 








Built-in features: 


Contains all the parts in one 


package. 


Can be installed as easily as a 
motor and needs only electrical 


connection. 


Self-lubricating for long life of 
40,000,000 or more cycles. 


Operating speed from 40 to 400 


R.P.M. 


Torque capacity 36 ft. Ibs. 


No cumulative error in cycling. 


Instant engagement. 


Mount with direct coupling con- 
nection or use with belt, chain 


or gear drive. 


Can be installed on existing equip- 
ment, designed into new machinery 
and re-used after production line 
changes. 

A single package unit that gives you precise 
control of intermittent motions . . . oscillate 
or repeat . . . clip and bend . . . shear or 
slash . . . raise or lower . . . index and posi- 
tion . . . from a constantly rotating source 
of power. 

HILLIARD “I.D.U.” eliminates the need 
of buying separate parts and assembling a 
“custom” machine with assorted mechanisms 
to control it. 

“I.D.U.” features highly flexible control— 
manual, mechanical or electrical — permitting 
“demand” type operations in fixed or variable 
cycles. A protected drive, totally enclosed in 
an oil bath housing, it is ideal for dusty, 
“steamed” or “washdown” conditions. 

Write on your letterhead stating your intermittent 


motion problems and we will provide complete 
information. 


Typical intermittent controls by “1.D.U” 


CAM OUTPUT TO 
OSCILLATING LINK 


GEAR MOTOR THRU: 
CHAIN TO DRIVE UNIT 











CRANK OUTPUT TO 
OSCILLATING LINK 


Basic Unit Price $299.00 


103 W. FOURTH ST. 


Optional accessories extra 


ELMIRA, NEW YORK 


Please direct inquiries to advertiser, mentioning MACHINE DESIGN 
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initiating meter and_ oscilloscope 
readings, pulsing counters, and 
panel lights. It is available with 
choice of button colors in open, 
closed, and double-throw config- 
urations. Carter Parts Co., Dept. 
21, 3401 Madison St., Skokie, IIl. 

Circle 661 on Page 19 


Synchronous Motor 


self-orienting unit 
orients within +5 deg 


Synchronous motor in subfractional- 
horsepower size is a_ self-orienting 
unit. Design insures that the rotor 
of the synchronous motor will al- 
ways synchronize at the same rel- 
ative position with respect to the 
rotating stator field. Rotor orients 
within +5 deg, and no de excita- 
tion of the rotor is required. Unit 
is rated two phase, 60 cycles, 115 
v ac. Housing measures 134-in. diam 
and 2 in. in length; complete unit 
weighs 10 oz. Synchronizing torque 


is 0.50 oz-in. and torque (fall-out) 
is 0.65 oz-in. Kollsman Motor Corp., 
Dublin, Pa. 

Circle 662 on Page 19 


Radial Air-Gap Motor 


in ratings from 


Y, to 25 hp 


LO-I radial air-gap motor in the 
flange-mounted construction  fea- 
tures minimum over-all length and 
reduced weight with low rotor iner- 
tia. It is designed for application 
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where space limitations are critical 
and where fast acceleration, fre- 
quent start, or reversing duty is re- 
quired. Line includes ratings from 
Y to 25 hp, speeds from 900 
through 3600 rpm in three basic 
frame sizes. Several horsepower rat- 
ings in each mounting flange diame- 
ter are offered to provide flexibility 
of application. Choice of four dif: 
ferent flange diameters is available 
in 1, 114, and 2-hp ratings. NEMA 
standard D flanges and axial air- 
gap motor flanges are both avail- 


able for maximum interchangeabil- 
ity. Electrical Div., Fairbanks, Morse 
& Co., Freeport, Il. 

Circle 663 on Page 19 


Closed-Cell Sponge 


has excellent 
chemical resistance 


Closed-cell Viton and Fluorel sponge 
features extremely small and uni- 
form cell size. Product has all the 
chemical resistance of the standard 
fluorinated polymer from which it 
is made. Because of the expanded 
structure, material compares in 
hardness to a very soft rubber of 
about 20 Durometer (Shore A). 
Foamed version has approximately 
one-fourth the density of the solid 
product, permitting a wide range 
of compressibility in such applica- 
tions as gaskets and mountings. In 
addition to excellent grease, oil, and 
commercial gasoline resistance, there 
is a marked resistance to perchloro- 
ethylene. High-temperature proper- 
ties, vibration-damping qualities, ex- 
cellent dielectric strength, and acid 
resistance suggest many applications 
in the electronics, missile, and auto- 
motive industries. Material is avail- 
able in 9-in, square sheets in thick- 
nesses to 1/4 in. Other sheet sizes 
and molded shapes are available on 
a custom basis; both higher and 
lower densities can also be fur- 
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» CYLINDERS ARE OUR 


BHEW precision hydraulic cylinders are 
designed for your job application. BHEW of- 
fers the latest developments, designs and 
manufacturing techniques. You pay only for 
what you buy and there are no extra or added 
expenditures. Trained specialists analyze 
your specific application. BHEW products 
are available at production prices and are 
precision-manufactured to produce the high- 
estlevel of performance. 


FOR BETTER ON-THE-JOB RESULTS, 
INSIST ON B-H-E-W PRODUCTS! 


e Basic Designs e Specific Adaptations 
e Superior Quality e Application Engineering 


BENTON HARBOR ENGINEERING WORKS, INC. 
622 Langley Avenue « St. Joseph, Michigan 
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FURNAS 
ELECTRIC 











NEW SIZES 2 and 2% 
FURNAS MAGNETIC STARTERS 


Take advantage of the new design of Furnas Size 2 and Exclusive 
Size 21/, Starters. Rated through 30 hp, 440 volts, the Size 21/, fills 
many applications normally requiring a much larger Size 3 Starter. 
Available for two, three or four pole applications, these units fea- 
ture low wattage magnet, dual voltage encapsulated coils, silver- 
cadmium oxide contacts, and identical mounting area for both sizes. 
All components are front removable. You get better performance 
and longer life, plus unmatched economy. 


Write today for Bulletin 14-B2—-1045 McKee St., Batavia, Illinois 


FURNAS 


ELECTRIC COMPANY 


BATAVIA + ILLINOIS 


SALES REPRESENTATIVES IN ALL PRINCIPAL CITIES 
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nished. Industrial Electronic Rub- 
ber Co., 31945 Aurora Rd., Solon 


39, Ohio. 
Circle 664 on Page 19 


Gear Motors 


20 models have shaft 
outputs of 10 to 750 rpm 


Improved Classic fractional-horse- 
power gear motors incorporate phe- 
nolic gears to provide quiet opera- 
tion and cool running. Twenty 
standard single and double-reduc- 
tion models are available with shaft 
outputs ranging from 10 to 750 rpm. 
Shaft position is easily changed to 
six 30-deg positions by means of 
six screws, Motor shaft runs on ball 


bearings, gear shafts on bronze 
sleeve bearings. Over-all size is 6 x 
3 5/16 x 33% in., and weight is ap- 
proximately 5 lb. Units are avail- 
able as universal, shunt, or series 
motors. Inputs range from 12 to 
220 v on most models, with shunt 
models up to 115 v de. Carter Mo- 
tor Co., 2700 W. George St., Chi- 


cago 18, III. 
Circle 665 on Page 19 


Hydraulic Relief Valves 


in line and 


gasket-mounted types 


Pilot-operated relief valves provide 
a minimum 5:1 safety factor over 
rated operating pressure. Line- 
mounted valves (shown) are for 
3000 psi hydraulic systems, and 
gasket-mounted units are rated at 
5000 psi. Both series are provided 
in rated capacities of 20 and 50 
gpm. Valves can be held with stand- 
ard wrenches or in a vise when in- 
stalling fittings, and can be mounted 
in any position. Valve opening pres- 
sure is controlled by the pilot valve, 
which is easily adjusted and locked. 
Adjustment control can be installed 
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new design in [arpenter high temperature alloy V-57 


Everything about this combination fan blade-turbine bucket is new except its predictable per- 
formance . . . a built-in characteristic of all Carpenter high temperature alloys. 


V-57 is the super alloy now used to forge this unique new jet engine component. V-57 replaced 
A-286 (originally used) because of its superior mechanical properties at operating temperatures. 
Like all Carpenter vacuum melted metals, V-57 is produced with exclusive Carpenter quality 
controls that permit tighter forging tolerances, better machinability and improved cold form- 
ing properties. 

Carpenter's VACUMELTROL® (induction vacuum) and CONSUMET® (consumable electrode) 
melting processes assure you more accurate forgings with better finishes, fewer rejects, faster pro- 


duction . . . and, most important .. . true predictable performance in your high temperature alloy 
components. Ask your Carpenter Representative for details. 


[arpenter Sy eS ee 


you can do it consistently better with Carpenter Specialty Steels for specialists 


The Carpenter Steel Company, Main Office and Mills, Reading, Pa. 


Alloy Tube Division, Union, N. J. 
Webb Wire Division, New Brunswick, N. J. 
Carpenter Steel of New England, Inc., Bridgeport, Conn. 
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GRAYLOC? Seal: Leak-proof at any pressure 


Leak-proof quality of GRAYLoc Seals in piping applications 
has been use-proved from full vacuum to 30,000 psi and 
test-proved up to 150,000 psi. Holding at any pressure makes 
GRAYLOC practical in applications requiring positive leak- 
proof connections. 

The GrayLoc Seal is available in two-bolt clamp-type or 
conventional flange connections. Its simple steel design fea- 
tures a rigid rib with lips on either side tapering slightly less 
than the mating hub to form a line seal at the touchpoint. As 
the connection is tightened, the lips deflect to form a surface 
seal. GRAYLOC connections provide a permanent steel seal 
that can be made up repeatedly, operating to pressure without 
seal ring replacement. Stock connections available from 12” 
to 30” and on special order in corrosion-resistant metals. 

If you want to know more about how GrayLoc Connec- 
tions can permanently solve your leakage problems, write for 
the new GRAYLOC CATALOG on your company letterhead. 


GRAYLOC SALES DIVISION 


Tool Company 


P. O. BOX 2291 HOUSTON 1, TEXAS Riverside 7-1240 
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in any of four positions relative to 
the valve for easy accessibility. Par- 
ker-Hannifin Corp., 17325 Euclid 
Ave., Cleveland 12, Ohio. 

Circle 666 on Page 19 


Rust Preventative 
of transparent plastic film 


Rust Veto 342 heavy-duty rust pre- 
ventative is removed easily from 
metal surfaces by solvent or mild 
alkaline cleaners. The transparent 
plastic dry-film rust preventive is 
not brittle and will not chip. It 
does not crack or flow at tempera- 
tures from —40 to +175F. Ma- 
terial contains solvent for ease of 
application. It is especially de- 
signed for metal surfaces stored out- 
doors for long periods of time. E. F. 
Houghton & Co., 303 W. Lehigh 
Ave., Philadelphia 33, Pa. 

Circle 667 on Page 19 


Low-Impedance Diode 


for ultrastable 
reference applications 


Extremely low dynamic-impedance, 


| 6.2-v,  temperature-compensated 


zener diode is designated Type 
IN821A. It is designed for ultra- 
stable reference applications in digi- 
tal voltmeters, precision high-sta- 
bility oscillators, analog-to-digital 
converters, and similar industrial 
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AMESDULY Peuble-Seal BALL VALVES* 


*PATENTED 


AS VERSATILE AS INDUSTRY ITSELF 


The illustration below gives you a glimpse of the depth of application of the 
versatile Jamesbury “Double-Seal” Ball Valve. 


For on-off, quarter turn, full flow, leakproof, maintenance-free operation, no 
valve can match the exclusive Jamesbury “Double-Seal” action. 


We will welcome an opportunity to prove this statement, whatever your 
valving requirements might be. 


JAMESBURY CORP., 70 NEW STREET, WORCESTER, MASS. 


DISTRIBUTORS IN PRINCIPAL CITIES 


© 1961 Jamesbury Corp. 
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HAVE THESE TWO REFERENCE AIDS? 


Two of the most important books ever written for men concerned with produci- 
bility, offer practical techniques for designing for low-cost production. In effect, 
these two useable encyclopedias put production know-how into the hands of prod- 


uct development engineers. 


Plainly worded and clearly illustrated by one of the country’s outstanding au- 
thorities on production processes, this “shop approach” to product design can be 
YOUR guide to lower production costs. 


Inspect these books for yourself. Here are 924 pages of real dollar and cents, on- 
the-job help you can use for reducing production costs. Use the form below for a 


FREE 10-day trial. 


“PRODUCTION PROCESSES" 


THEIR INFLUENCE ON DESIGN VOLS. | & Il BY ROGER W. BOLZ 


Mass Production and Design 
Metal Removal 

Metal Forming 

Metal Working and Forging 
Metal Disposition 

Coating Materials 

Molding Methods 
Fabricating Methods 
Treating Methods 





Use this order form 


See them FREE on 10 Days Trial... . nae sae ae 











THE PENTON PUBLISHING COMPANY, Book Department 
PENTON BUILDING, CLEVELAND 13, OHIO 


Send me both volumes of “Production Processes” 
by Roger W. Bolz NAME 
(J On 10 days trial for free examination. If the books meet 


with my approval | will pay $15 (plus tax, if any). 
Otherwise | will return the books in good condition, 





TITLE 








sent postpaid. 
C] Bill me ADDRESS 





(_] Bill my company 
CITY ZONE STATE 





*Please add 45c to cover State Sales Tax on orders for delivery in Ohio. 
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applications. Diode minimizes volt- 
age fluctuations due to changes in 
current. It has a maximum imped- 
ance of 10 ohms and a typical 
value of 8 ohms. Unit is housed in 
small DO-7, axial-lead, 400-mw 
glass diode package. Dept. TC, 
Technical Information Center, Mo- 
torola Semiconductor Products Inc., 
5005 E. McDowell Rd., Phoenix, 
Ariz. 





Circle 668 on Page 19 


Trimmer Resistors 
line has resistances from 


500 ohms to 5 megohms 


New ceramic-base trimmer resistors 
are available for microminiature, 
subminiature, and miniature appli- 
cations. Single-potentiometer mi- 
crominiature units are rated at 1/20 
w and measure !4 x 14 in. Sub- 





miniature units are rated at 1/10 
w and measure 7/16 x 13/32 in. in 
size. Miniature resistors, rated at 
1/5 w, measure 7/16 x 11/16 in. All 
three varieties have a thickness of 
0.100 in., and ratings are based on 
1000-hr test at 70C. Available re- 
sistances range from 500 ohms to 
5 megohms, linear taper. Stand- 
ard tolerance is +30 per cent, and 
minimum end resistance is less than 
5 per cent of total resistance. Ap- 
plications include use in cameras 
and hearing aids, in airborne radia- 
tion, microwave, mobile, and test 
equipment, and in thermostatic con- 
trols. Centralab, 900 E. Keefe 


Ave., Milwaukee 1, Wis. 
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A FIST 
FULL OF 
RELIABLE 
POWER... 


. -- MERKLE-KORFF 
FHP GEARED MOTORS 


Engineers want unfailing reliability, higher 
starting torques, more power, more ver- 
satility, more ruggedness ... in smaller 
packages. 

Merkle-Korff Geared Motors are the 
answer. They pack more torque into fist- 
sized spaces (even reversibles) with less 
weight and provide unequalled depend- 
ability. They represent not only a better 
buy, but better performance for equipment 
they power. 

Versatility? Thousands of combinations 
of motor types, speeds, torques, brakes, 
fans and mounting facilities are available 
as standard equipment. When you specify 
Merkle-Korff Geared Motors, you are speci- 
fying the best. 


Merkle-Korff Applications Engineers are 
always ready to serve you. Write or tele- 
phone, now. 


TORQUE & RPM 


Torques from .4 to 300 Ib.-in, 
at 800 to 1/5 RPM. Slower 
or higher speeds available on 
special order. 


MOTOR TypéEs 


- - include unidirectional 
shaded pole induction, tandem 
induction reversing, wound 
shading coil induction revers- 
ing, unidirectional synchronous 
and wound armature types for 
universal AC-DC and shunt 
wound DC with lead arrange- 
ment for reversing as required, 
5 volts, 60 cycles or DC is 
standard. Special voltages and 

frequencies are available. 


MOUNTING POSITIONS 


Horizontal or Vertical up or 
down shafts in base mounted 
no base (face mounted), inves. 
ted base or sidewall mounted 
designs. 


OPTIONAL FEATURES 


The Model BF Geared Motor 
may be ordered with leads 
cord set, quick disconnect fae 
minals, brakes, motor covers 
thermal overload protectors, 
right angle shafts and various 
oiling arrangements, 











Position Transducer 


for machine-tool 
automation systems 


215 North Morgan Street * Chicago 7, Illinois 


Position transducer senses shaft ro- Telephone: MOnroe 6-1900 


tation by an impedance change in 
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have requirements for 
“Special Gears?” 





CHECK with 


FAIRFIELD! 


‘Fairfield has furnished us with bevel and spur 
gears for many years and we are highly satisfied 
with their product,” states one of America’s best 
known makers of shovels, cranes, and draglines 
in referring to the above picture. Each gear 
(see arrows) is precison produced to match this 
builder’s specifications for plus value quality. 


Making gears to meet exacting specifications 
is our business. The special or unusual require- 
ments you have for design, size, finish, tolerances, 
materials, and heat treatment are often “stand- 
ard” at FAIRFIELD. Here, every facility needed 
is available for production of fine gears EFFI- 
CIENTLY, ECONOMICALLY. LARGE or 
SMALL, your inquiry will receive prompt atten- 
tion. CALL or WRITE. 


FAIRFIELD MANUFACTURING CO., INC. 


2307 South Concord Road e Lafayette, Indiana 
TELEPHONE: SHerwood 2-7353 


the head and changes this informa- 
tion to digital pulses which meas- 
ure linear motion. Developed for 
machine-tool automation systems, 
transducer uses noncontact magnet- 
ic sensing heads which improve re- 
liability and avoid wear associated 
with conventional code discs or 
other contact pick-ups. Design 
also saves space. Unit features low 
torque load and precision construc- 
tion. In typical applications, unit 
detects 0.0001-in. increments at po- 
sition speeds to 120 ipm, or 0.001- 
in. increments at speeds of 200 ipm 
or more. Rheem Electronics Div., 
Rheem Mfg. Co., 5200 W. 104th 
St., Los Angeles, Calif. 

Circle 670 on Page 19 


Filter Element 


resists corrosive, 
high-temperature fluids 


Sintered 316 stainless-steel filter ele- 
ment, adaptable to any Fulflo fil- 
ter, is for use with fluids with char- 
acteristics incompatible with ordi- 
nary filter media, particularly cor- 
rosive, high-temperature, and high- 
viscosity fluids. Unit is available in 
uniform 40, 20, 10, 5, and 2-micron 
particle-retention ratings. It is free 
from media migration under high 
differential pressures, vibration, or 
thermal shock. Large percentage of 
voids provides high dirt-holding ca- 
pacity and economic flow rates with 


Gears and Differentials Meade to Onder for: 


TRACTORS * HEAVY DUTY TRUCKS + AGRICULTURAL MACHINERY * POWER SHOVELS AND CRANES 
MINING MACHINES * ROAD GRADERS * BUSES * STREET SWEEPERS * INDUSTRIAL LIFT TRUCKS 
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high-viscosity fluids. Commercial 
Filters Corp., 2 Main St., Melrose 


76, Mass. 
Circle 671 on Page 19 


Compact Nozzle 


solders into standard 
4-in. sweat fittings 


MS-1 nozzle is available for use in 
limited-space applications. It solders 
into standard 1/-in. copper tubing 
fittings and projects less than 1/ in. 
from the fitting. Made entirely of 
brass, unit has a flow rate of 1 gpm 
at 40 psi. Wide-angle, full-cone 
spray pattern is approximately a 
110-deg spray angle. Bete Fog Noz- 
zle Inc., Greenfield, Mass. 
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Thermoplastic Resin 


resists distortion and creep 
at low and high temperatures 


Kynar vinylidene fluoride resin is 
a fluorine-containing thermoplastic 
resin designed for long life and high 
performance in environments which 
degrade less stable materials. Con- 
taining over 50 per cent fluorine by 
weight, it is mechanically strong 
and tough, resists distortion and 
creep at low and high temperatures, 
resists the attack of corrosive chemi- 
cals, is flame resistant, and is sta- 
ble under extreme conditions of 
weather and ultraviolet radiation. 
Material is now available in mold- 
ing powder and pelletized resin, and 
soon will be supplied in rod, tube, 
and sheet. Standard shapes can be 
cut, machined, sealed, welded, and 
formed readily into almost any de- 
sign without lowering high level of 
mechanical strength and stability. 
Research Products Development 
Dept., Pennsalt Chemicals Corp., 
P. O. Box 4388, Philadelphia 18, 
Pa. 
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NEG ATOR’ MOTORS FROM STOCK 








for Experimental Designers 


As a time-and-cost saving shortcut for design engineers who need a means for 
applying constant tension forces through long deflections, Hunter now offers 
six stocked models of constant-torque NEG’ATOR Spring Motors. 

Originally developed for use as “‘idea tools’ for experimental design, stan- 
dard NEG’ATOR Motors have found wide application as product components. 
For this reason, models carried in stock have been expanded to provide cable- 
tension ranges from 0.375 lb. through 5.0 lbs., as indicated by the table below. 


Orders for stock motors will be shipped immediately. Prices are shown in 
the table.* 





Spring 

Model | Torque Cable No. Endurance 
Tension (Min. No. 

No. in in lb Revolutions Cyel 

Lb.-In. “ yet 

P7172 av 0.375 36 3,000 

‘2025-1 78 1.0 72 7,500 8.00 

A2025-2| 1.56 2.0 72 2,500 8.00 

A2025-3, 2.33 | 3.0 72 4,500 | 12.00 * 

on w NEG’ATOR 

A2025-4| 3.12 | 4.0 72_| 2,500 |12.00! Soringsare being ap- 

A2025-5| 3.90 | 5.0 72 2,000 12.00 plied, ask for Issue 

: 12 of the NEG’ATOR 

P7172 MATERIALS: NEG’ATOR Springs—stainless steel; SKETCHBOOK. 

Drums—Nylon; Bases—aluminum; Cable—Nylon. 

MATERIALS, OTHER MODELS: NEG’ATOR Springs—stainless 

steel; Drums—Nylon; Bases—Black Plastic; Cable— 

stainless steel, preformed. 

*Prices shown are not indicative of the cost of NEG'ATOR Springs 


when made in quantity, to specifications, for large-volume motor and 
other applications. 


















































| THE HUNTER 





rololal-a¢-laheadel get -mE-teolalale) 


HUNTER SPRING COMPANY 
A Division of American Machine and Metals, Inc. 


3 Spring Avenue, Lansdale, Pennsylvania 


SPRINGS+ STAMPINGS + QUALITY CONTROL EQUIPMENT 
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What some folks won't do to use a 


CONWAY CLUTCH 


Just take a gander at 

that contraption over | ; 
that-away. Looks like a [| t . " 

uiaies <a Rube | ly Flexible Coupl ing 
Goldberg. What’s it for? (7_, Cy as center which 

Shucks, can’t you tell? +All . , retains lubricating oil 
This, friends, is a Conway 
Variable Torque Clutch 
Mechanism. Turn the 
wheel to the right—torque 
increases. Turn left and 
torque decreases. Now, 

isn’t that the “most”? 

We hate to make these 

(confidentially, we really 

love it) and if you insist, we'll 
force ourselves to produce it. . : a 

And, you can do the i thing with the Conway = ns flexible coupling utilizes an 

a ae . oil-impregnated center member of 

Stationaire. But then, that’s the easy way. | sintered steel. Through capillary 

*SLIP CLUTCHES, ANYONE? action, center member absorbs and 

WRITE FOR BULLETIN retains high-grade lubricating oil 


The World’s Most Respected Name in Clutches for over a Half-Century eg te hers sear 


| maintains all misalignment capac- 
Th e CONWAY Cc LUTCH COMPANY ity characteristics inherent in 


2750 Colerain Ave. CINCINNATI 25, OHIO standard American jaw flange flex- 
dite Dib es Dade 19 ible couplings, and has greater 


torque and load-carrying capacity. 
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Pictures for the following two items were 
reversed in our issue of December 8, 1960. 
The write-ups are rerun below, with the 
correct photographs. 




















Div., Zurn Industries Inc., Erie, Pa. 


# HIGH EFFICIENCY USING VIKING PUMPS Mechanical Power Transmission 


Rotary Actuators 


in five sizes with torques 


from 1500-702,000 Ib-in. 


ooh ote % 





The MACHINE pictured above is a Pressure Curtain Coater for paint coating Hydraulic rotary actuators for com- 
and finishing flat, textured, striated, corrugated and many other irregular flat mercial use, called Hyd Ro Ac, are 
ase cae. Eeroened ve oe by the = Lataicte pr | furnished in five different sizes. 
ompany of St. Gailan, Switzerland, the coating machine is also license or : ra 
manufacture in the United States by George Koch Sons, Inc., Evansville, Indiana. Torque range Is from 1500 to 702, 
Wilco Machine Works, Inc., Memphis, Tenn. are North American Sales Representa- 000 Ib-in. at 3000 psi, and operat- 
tive. Through exhaustive experiments and tests, Koch's proved that VIKING PUMPS ing pressure ranges from 250 to 
were superior to any known or previously used equipment. They are now used 3000 psi. Units have an efficiency of 
internationally on Steinemann equipment, because of their efficient operation. ¢ | 
VIKINGS help Steinemann machines achieve almost 100% total paint utilization. 95 per cent or over, with low start- 
This is one of many hundreds of cases where VIKING PUMPS play ing (friction) torque. They pro- 





important roles as integral parts of equipment. If you have a 
situation requiring a smooth, even flow of material, or positive and 
complete control, check on VIKING PUMPS. For information, write 
for bulletin BH VIKING PUMP COMPANY, Cedar Falls, lowa, 
U.S.A. In Canada, it's “ROTO-KING” PUMPS. See Our Catalog in 
Sweet's Product Design File. 
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vide angular travel to 280 deg and 
can be foot or end mounted. Buf- 
falo Hydraulic Div., Houdaille In- 
dustries Inc., Dept. Z, 537 E. Dela- 
van Ave., Buffalo 11, N. Y. 
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ENGINEERING 
DEPARTMENT 


EQUIPMENT 


Bow Compass 


permits adjustment 
without threads 


Model 12 quick-change bow com- 
pass incorporates handle adjustment 
in which no threads are used. 
Smooth, hardened rod is actuated 
by a hardened‘ canting lever. Ac- 
tion, which provides a positive lock 
in any position and slow-motion 
adjustment when rod is turned, im- 


proves with use. Channel-formed | 


legs provide light weight and ex- 


cellent balance. Capacity of the | 
compass is over 6-in. radius. Dept. | 
G, Omicron Co., P. O. Box 907, | 


Glendale, Calif. 
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Pressure Transducers 


have sensitive area 
of 1 sq cm 


Series 200 Filpip pressure transducers 
have a thickness of only 0.035 in. 
and an over-all size of 1 x 1 in. 
Sensitive area is 1 sq cm. Units 
respond only to normal forces. 
Hermetically sealed, they can be 
used in pressure range from 15 in. 
Hg vacuum to 100 psi. Frequency 
response is high, sensitivity high, 
linearity good, and hysteresis low. 
Transducers are suspended or ap- 
plied directly to the plane or curved 


surfaces in which pressure is to be | 


measured. They change capacity 
with pressure and can be used with 
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—. Smart, distinctive design 


“ for a MODEST 
INVESTMENT 


New Hamilton 


100 SERIES 


Modern styling in a four-post drafting table 


A HOST OF NEW FEATURES including: new canted leg 
styling which assures traditional Hamilton stability with- 
out side cross rails; new attractive finish; light Sahara Tan 
for smart, modern beauty. Fully adjustable footrest: may 
be set in any of five positions for comfort. Steel reference 
tool and catalog drawers: easy operation with wood fronts 
for harmonious design. Choice of 31” or 37” heights. 
Write today for full information on this unique, low-cost 
utility drafting table. 


- new dimensions in time and 
Pe cxrvetl lore. space efficiency for: physicians; 
dentists; industrial, hospital, school 


PROFESSIONAL AND SCIENTIFIC FURNITURE laboratories; draftsmen; printers; | 
libraries; home laundries 


Hamilton Manufacturing Company, Two Rivers, Wisconsin 


Circle 504 on Page 19 





3 Reasons Why 


Robbins VALVES Are the Most 
Economical You Can Buy 


1. The only valves that 
can be completely serviced 
in less than 1 minute 

from the front of mounting 
panel without removing 
the valve from the line! 


To service a Robbins Metering & 
Shut-Off Valve it is only necessary to 
remove the handle, loosen locknut and 
remove barrel assembly . . . all accom- 
plished from the front of the panel . . . 
no need to disturb the line connections! 


2. Single barrel assembly! 


For both civilian and military installa- 
tions the single barrel assembly design 
and construction features (barrel, spin- 
dle, spindle seals, barrel seals and seat 
in one unit, cleaned, lubricated, sealed 
for oxygen service) mean practically 
instantaneous renewal of service without 
disconnecting any plumbing. 


As many as 5000 cycles 
'@ before requiring servicing! 


Many Robbins Metering Valves . 
in constant use on an 8-hour a day basis 
for three years . . . have never re- 
quired servicing, lubrication, or any 
parts replaced! 


.--And the Most Reliable! 


Precision made and tested. Design 
capabilities, manufacturing procedures, 
and quality control operations at Rob- 
bins Aviation are all directed toward 
one objective . . . to produce a valve of 
the highest quality that will provide the 
user with the greatest reliability and 
the greatest economy over many years 
of service. 


All Vaives LOX Cleaned and Packaged 
+ « « Ready for Instant Use 


Metering 
Shut-Off 
Oxygen 
Hydraulic 
Pneumatic 


2350 E. 38th St., Los Angeles 58, Calif. 


LUdlow 9-5221 
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| 
| 
| 


bridge or resonant circuits. Elastic 
elements are thin sheets of embossed 
high-strength alloy, dielectric is 
mica, and covers are Saran film. 
Spitz Laboratories Inc., Yorklyn, 
Del. 

Circle 675 on Page 19 


Temperature Indicator 


miniature iabel has 
accuracy of + | per cent 


Model 200 Temp-Plate is useful for 
instrumenting transistors and other 
miniature electronic components, in- 
accessible machinery areas, and gen- 
eral industrial or aviation equip- 
ment. Measuring only !/,-in. square, 
the tiny plastic adhesive tab sticks 
to almost any surface and turns 
black when its temperature reaches 
any desired value between 100 and 
500 F. It provides an absolute rec- 


ord of alarm-limit temperature. 
Pyrodyne Inc., 11973 San Vicente 
Blvd., Los Angeles 49, Calif. 
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Printed-Circuit Kit 


contains enough material for 
three printed-wiring boards 


New Quik-Cirkit contains complete 
instructions and materials—copper- 
clad board, liquid chemical etch, 
etch-resistant terminal pads, and 
etch-resistant tape—for three 
printed-wiring boards. Plastic etch- 
ant tray, also included, permits 
completion of a board without leav- 














> 
Zz 
0 


vmoeo=-Zrom= 


VOLUME II 
ENGINEERING 
AIDS 


© Simplifying Constructions 
® Utilizing the Slide Rule 
© Construction Aids 

© Shortcuts for the Engineer 


Helpful Tips and Techniques 
that apply to engineering meth- 
ods, are now available in this 
one-volume reference. This man- 
ual contains 32 pages of illus- 
trated time-and-money saving 
procedures that every engineer 
can use. 


$1.00 a copy 


Order from 
MACHINE DESIGN 


Reader Service 
Penton Building 
Cleveland 13, Ohio 


(Remittance or Company Pur- 
chase Order must be enclosed 
with order) 
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FOUR NEW UNIVERSAL ELEcTrICc 
FRACTIONAL H.P. MOTORS 


featuring Free-Aligning bearings 
— either sleeve or ball 


UNIVERSAL ELECTRIC 

Type 23. 4 pole sleeve bearing 
Type 63 6 pole sleeve bearing 
Type 523 4 pole ball bearing 
Type 563 6 pole ball bearing 


Primarily because of their new bearing assemblies 
(free aligning sleeve or free aligning ball), these 
four new UNIVERSAL motors operate at a reduced 
noise level, start easier and assure an extremely 
long operating life. They insure maximum per- 
formance and efficiency for kitchen ventilators, 
unit heaters, evaporative coolers, condenser fans, 
refrigerated cabinets, etc. These UNIVERSAL 
ELECTRIC motors also offer the perfect flat speed 
torque curve necessary for critical air moving or 
recorder applications. 























UNIVERSAL Ball Bearing Assembly is resiliently sus- 

pended in a neoprene collar confined in small metal clips 

that allow free movement along bearing support surface. 

With axis of support at its center, bearing can adjust to 

any shaft misalignment. Advantages: reduced noise 

level, easier starting, no snap rings or shoulders or undercuts for 
stronger motor shaft, no pre-loaded bearings due to misalignment 
for free-running motor, longer motor life. 











UNIVERSAL Sleeve type bearing eliminates fhp 
motor bearing problems due to misalignment. Like V 50 
ball bearing assembly, sleeve bearing is inherently 1/35 
in balance; can adjust to any shaft misalignment 1/25 
100% of the time under any load conditions. 1/15 


1/12 
SPECIFICATIONS 


Shaft Diameter—H%s or ¥% inches 6 POLE SPECIFICATIONS 
Mountings—4 point on 22%” or 392” (either end 
of motor) Watts Amps. 
Either Fan or Mechanical Duty; Internal Fan HP. Speed input Input 
Available ; 1/60 1000 75 1.0 
e sina f d and embossed for Fa = he LS 
wn steel, formed an 

pores toate rigidity, ciieats rugged design Ln 1/30 9 us 17 

Rotor—Diecast and machined to precision toler- soeesa 1/20 Li 73 23 
onces 563E14 1/15 1000 230 3.1 

Dual and Three Speed Windings 
115 or 230 volt, 50 or 60 cycle Write for complete specifications on your requirements. 
Totally Enclosed Types Available 
Complies with CSA and U/L Requirements 


UNIVERSAL ELECTRIC COMPANY 


PRECISION ELECTRIC MOTORS 
EXECUTIVE AND GENERAL SALES OFFICES: OWOSSO, MICHIGAN, DEPT. 10 



















































































February 2, 1961 Circle 507 on Page 19 





Is This Job 


for You? 





BACKGROUND—Recent degree in mechanical or electrical en- 
gineering. About three years of design-engineering experience. 


ABILITIES—Able to evaluate technical information on design 
techniques, new machines, components. Provable ability to write 
clearly and accurately. Should work well with people, have 
initiative and imagination, demonstrate creative as well as prac- 
tical ability. 


ENVIRONMENT—Cleveland, Ohio, with some out-of-town 
travel. As assistant editor on MD’s staff of 21 engineer-editors. 
In Penton Publishing Company, a growth company, with 5 mag- 
azines and some 60 editors. 


COMPENSATIONS—Salary comparable to that in industry. 
Chance to grow within the company. Unusual opportunity to 
broaden education, experience, and contacts. Stimulating work. 


If this appeals to you not merely as a job but as the basis of 
a career, write at once (with all pertinent facts) to the Editor, 
MACHINE DESIGN, Penton Building, Cleveland 13, Ohio. 





Troublesome maintenance 
and lubricating problems are 
eliminated when you specify 
Thomas “All-Metal” Flexible 
Couplings to protect your 
equipment and extend the 
life of your machines. 


Like a thief in the night an 
inadequate coupling causes 
wear and damage to your 
machines — resulting in high 
maintenance costs and costly 
shut-downs. 


UNDER LOAD and MISALIGNMENT 
only THOMAS FLEXIBLE COUPLINGS 
offer all these advantages: 
> Torsional Rigidity 

> Free End Float 


> Smooth Continuous Drive with 
Constant Rotational Velocity 

> Visual inspection While 
in Operation 

> Original Balance for Life 

> Unaffected by High or Low 
Temperatures 


Write for Our New 
Engineering Catalog 60 


Circle 509 on Page 19. 
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ing the desk. Advanced Designs Inc., 
914 Lullaby Lane South, Vienna, 
Va. 

Circle 677 on Page 19 


Drawing-Board Surface 


does not creep, 
wrinkle, or stretch 


Paramount drawing-board surface 
consists of a layer of Mylar lami- 
nated to a layer of green vinyl plas- 
tic. Mylar provides high strength, 
dimensional stability, and freedom 
from buckling under all weather 
conditions. Pastel-green color of the 
vinyl reduces reflected glare and 
shows up _ linework effectively. 
Backed with adhesive, surface re- 
mains flat, eliminating creep, 
wrinkle, or stretch. It provides a 
balanced foundation for drawing or 
tracing paper. Surface keeps in- 
struments from sliding and is self- 
repairing. Impressions of pencil 
lines, grooves, and compass holes 
disappear in a short time. Surface is 
easily cleaned with a mild cleanser. 
Keutfel & Esser Co., Third & Adams 
Streets, Hoboken, N. J. 
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Magnetic Tape Recorder 


records dynamic data 
from 100 to 5000 cycles 


| Three-channel Model PS-303M mag- 


netic tape recorder measures 2 x 4 








b= OB) 8 x 
DESIGN 
TRENDS 


ARTHUR A. NICHOLS 


INTEGRALLY BUILT-IN 
GEROTOR PUMPS IDEAL 
FOR HYDRAULIC SERVOS 


» Important advantages are offered 
by the Gerotor pump for servo control 
applications. It is a positive displace- 
ment pump and provides a smooth 
power flow from one end of the pump- 
ing cycle to the other. Unlike other 
types of pumps which tend to quit 
work at the low end of the speed 
range, Gerotors stay right on the job 
and provide positive power to the 
extremely low range. Thus, they are 
exceptionally responsive in servo sys- 
tems. 

>» Now the development of three 
matched pumping elements permits 
designers to build-in a Gerotor pump 
as an integral part of any hydraulic 
mechanism or system. 

» Consisting of an inner and outer 
Gerotor and an eccentric-locator ring, 
the unit becomes a complete pump by 
simply boring the casting or frame of 
the mechanism to accommodate the 
locator ring O.D. and by providing 
porting. This design makes the main 
casting do double duty as the pump 
housing, thus eliminating a very con- 
siderable cost factor. A drive can be 
taken from any convenient shaft. 
Obviously, such a built-in pump costs 
far less than complete pumps pur- 
chased outside. This results from the 
elimination of mounting pads, coup- 
lings, lines, connections and acces- 


sory drives. 


Fig. 1. Three Gerotor components permit pump to 
be incorporated as integral part of housing Gr 
frame of mechanism, eliminate need for purchase 
and mounting of separate, complete pump. 


» The matched elements are thus as 
easily built in as a simple anti-friction 
bearing would be. Further, the Gerotor 
pump is extremely flexible im its con- 
figuration and readily adapts to a wide 
variety of mechanism geometries. It 
will handle a variety of fluids at: rates 
up to 100 gpm and pressures up to 
1,000 psi. A simple, positive-acting 
automatic reversing feature can be 
built in at little cost. 

» Typical examples of servo applica- 
tions include ship anti-roll stabilizer 
control, steering mechanisms, and hy- 
draulic piston positioning and actua- 
tion in a wide variety of industrial 
applications. 

e Technical data is available and your 
inquiry is invited. Write: 


W. H. NICHOLS CO. 


Makers of Zenith Metering Pumps 
and the Nichols Milling Machine 
“the miller that uses its head’’. 
48 WOERD AVE., WALTHAM 54, MASS. 
Circle 510 on Page 19 
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PRECISION 
MANUFACTURING 
IS YOUR 
REQUIREMENT 


H.O. Boehme, inc. 
Designers and Manufacturers 
Communication Equipment 

Precision Electro-Mechanical 

Apparatus Since 1917 

915 Broadway 

New York 10, N.Y. 
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|x 5 in. and weighs 31 oz, including 
| 7 oz of tape. Designed for direct 
| recording of dynamic data in the 
_range from 100 to 5000 cycles, re- 
| corder operates in any environment. 
| Small size of the unit permits its use 
in many applications where conven- 
| tional recording equipment is not 
| adaptable. Accuracy of operation is 
| completely unaffected by position or 
motion. Recorder requires %4-w 
power, supplied by standard mercury 
| cells or other low-impedance power 
sources. It records a minimum of 
1 hr at 1% ips tape speed. Fre- 
quency response is flat within 3db 
| from 100 to 5000 cps. Precision In- 
strument Co., 1011 Commercial St., 
San Carlos, Calif. 
Circle 679 on Page 19 





| Beam Compass Holder 
has radii from | to 9 in, 


: Aaa beam-compass holder is 
| designed for use with Tape-Pen. 
| Unit eliminates work with pen and 
| pencil by drawing precise circles 
| and arcs with narrow width Curve- 
| Line tapes. Adjustable for making 
circles of various sizes, it has radii 
of 1 to 9 in. Additional standard- 
length beam sections can be coupled 
to the basic beam if longer radii 
are desired. Chart-Pak Inc., One 
River Rd., Leeds, Mass. 





| Photoelectric Tachometer 


| provides digital measurement 
of shaft speeds 


Photoelectric tachometer is available 
for the precise digital measurement 
of shaft speeds, particularly on sub- 
fractional motors. ‘This is accom- 
plished by the use of an integral light 
| source, a 60-segment rotating in- 
| terrupter, a photojunction cell, and 
| a special transistor amplifier. Every 
6 deg of shaft rotation results in a 


Circle 680 on Page 19 
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This new lock and seal washer 
is just plain REVOLUTIONARY... 


Whe 
you tighten 
A 


NYLOGRIP Dubo Lockwasher 
locks and seals it-instantly! 


The new NYLOGRIP Dubo Lock- 

washer is made of a special, cold- 

flow plastic called Nylon 6. When 

the nut is tightened, the washer 

“flows” — its inner diameter 

grips into the threads of the nut 

and bolt, to seal this junction 

Patents Applied For against leakage, while the outer 
diameter flows over the outer edges of the nut, seals and 
locks it . .. so tight neither shock nor vibration can budge it! 
The Dubo Lockwasher can be used time and again without 
the slightest loss of holding power. And, because it’s sym- 


correctly if you tried. 


PLUS FEATURES: excelient electrical properties . . . 
exceptional wear resistance . . . good shock absorption ... 
resists corrosion, chemicals . . . non-flammable . . . high 
flexural strength. 

PLUS USES: The excellent electrical characteristics of 
NYLOGRIP Dubo Lockwashers make them ideal for elec- 
trical insulation, or to help control electrolytic corrosion 
between dissimilar metals. 


YOU'LL WANT COMPLETE TECHNICAL INFORMATION. 
Write today to: : 


NYLOGRIP PRODUCTS 


569 Pleasant St., Watertown, Mass.-WA 6-0100 
Non Metallic Fastenings of all types. 
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dc pulse of 2 v. Feeding the re- 
sultant square wave into a digital 
counter with a l-sec time base 
gives an accurate reading of speed 
in rpm. Unit can be used to meas- 
ure any speed from 0 to 25,000 rpm 
with a required driving torque of 
only 0.05 oz-in. at 3600 rpm. Tach- 
ometer is equipped with a versatile 
mounting arrangement. Servo-Tek 
Products Co., 1086 Goffle Rd., Haw- 


thorne, N. J. 
Circle 681 on Page 19 


Piezoelectric Accelerometer 


has range of 0.05 
to 10,000 g 


General-purpose Model EM900 pie- 
zoelectric accelerometer is operable 
in ambient temperatures from — 100 
to +500 F. It measures shock from 
0.05 to 10,000 g and vibration to 
10,000 cps with no measurable hys- 
teresis observed. Mechanically-iso- 
lated mounting stud eliminates dis- 
tortion in the accelerometer when 
it is mounted, or when there is mo- 
tion from the connecting cable. Pre- 
cision machining of noncorrosive, 
stainless-steel housing and shell, and 


of the seismic mass, provides linear- 
ity of +1 per cent and low trans- 
verse sensitivity of 3 per cent. Low- 
noise, 4-ft, detachable cable is fur- 
nished with each unit. Weight of 
the Model EM900 is 35 grams. In- 
dustrial Components Div., Raytheon 
Co., 55 Chapel St., Newton 58, 
Mass. 
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To Get-The Flexible Coupling 


use 
the 


Flexible Coupling Guide 


Save time, money and mis- 
takes, insure trouble-free 
performance . . . by using 
the Lovejoy Flexible Cou- 
pling Guide. You'll get the 
exact type and size for 
your particular application 
—plus all these Lovejoy 
features: 


No lubrication required. 


Simple, rugged construction— 
few parts, no intricate mecha- 
nisms. 


No wear on metal parts—the 
load is transmitted through 
cushions only. 


Double-life cushions—one half 
the cushions act as idlers, ex- 
cept on reversing loads. Thus, 
a quick interchange provides 
a new set of cushions. 


Cushions engineered to load 
and service conditions. 


A maintenance-free coupling 
that is completely machined 
for ease and speed of align- 
ment. 


@ Act now! Send for your 
Flexible Coupling 
Guide today. 
REQUEST 
CATALOG 








| 
| 4818 WEST LAKE STREET 
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Type L-O70 is 3% . 
exactly fitted to the requirements 
of this gear pump. 


Type C-152 gives 
maintenance and trouble-free performance in 
a portable power unit. 


A genuine selling 

feature of this cen- 

trifugal pump is 

the spacer type RRL which permits quick, easy 
disassembly without disturbing piping. (Cour- 
tesy Dean Brothers Pumps, Inc.) 


The Type CF bolts 
directly to fly- 
wheel, reducing 
cutting assembly time and providing a more 


component requirements, 


compact unit. 


ohs Hob Antu 4] :1h maeltl Jal icmaey 


. " CHICAGO 44, ILLINOIS 
185 





FREE reprints from [ef] 4-Joy 9 


Limited supplies of the following reprints of articles which 
have appeared in MACHINE DESIGN are still available at 
no cost. Circle the ones you want on the order form below 
and mail to Reader Service, MACHINE DESIGN, Penton 
Building, Cleveland 13, Ohio. 


1 Tables and equations simplify design of CONICAL-DISC 
SPRINGS by Earlwood T. Fortini, September 4, 1958 (8 pages) 


2 CALCULATING CRITICAL SPEEDS by Helmut G. Hoeschel, 
February 4, 1960 (6 pages) 


New Design Data for TEFLON by L. H. Gillespie, D. O. 
Saxton and F. M. Chapman, January 21, 1960 (22 pages) 


Key Factors in SET-SCREW Selection by Francis R. Kull, 
April 30, 1959 (6 pages) 


CHOOSING THE RIGHT COLOR by Faber Birren, August 
6, 1959 (7 pages) 


6 HEAT-TREATED POWDER-IRON PARTS for improved 
oe _ hardness by Navin Kothari, October 30, 1958 
pages 


How To Select The Right STAINLESS STEEL by Richard E. 
Paret, June 11, 1959 (10 pages) 


SIMPLIFIED COLUMN DESIGN by Helmut G. Hoeschel, 
April 2, 1959 (6 pages) 


An Over-all Look at PRODUCT PLANNING by Delmar W. 
Karger and Robert G. Murdick, March 31, 1960 (8 pages) 


ENGINEERING WRITING to Eliminate Gobbledygook by 
Gibson A. Cederborg, March 7, 1957 (4 pages) 


11. Charts and equations for a simplified approach to HELICAL 
ce DESIGN by J. Hirschhorn, February 19, 1959 (5 
pages 


12 WHY ENGINEERS WORK by Eugene Raudsepp, February 
4, 1960 (12 pages) 


13. ELECTRIC MOTOR SELECTOR by MACHINE DESIGN’s 
Staff, July 24, 1958 (10 pages) 


OCHINE DESIGN Send reprints without charge as circled below. 


READER SERVICE 5 6 
Penton Building 8 9 10 11 12 13 


Cleveland 13, O. 
NAME 





COMPANY 





ADDRESS 





city ZONE STATE 
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THE ENGINEER’S 


Library 


| Recent Books 


Off-The-Road Locomotion: Research 
and Development in Terramechanics. By 
M. G. Bekker; 220 pages, 614 by 91/4, in., 
clothbound; published by University of 
Michigan Press, Ann Arbor, Mich.; $10.00 
per copy. 

Mechanics of land locomotion is 
thoroughly covered. General areas 
of discussion include current con- 
cepts of locomotion; physical proper- 
ties of soil, mud, and snow; geomet- 
rical properties of terrain surface; 
flotation and vehicle performance; 


| and theoretical concepts and engi- 
| neering. 


Analogue Computers. By I. I. Eterman; 


| translated from Russian by G. Segal; 
| translation edited by B. H. Venning, Uni- 
| versity of Southampton; 264 pages, 534 by 
| 834 in., clothbound; published by Per- 


gamon Press Inc., 122 East 55th St., New 


| York 22, N. Y.; available from MAcHINE 
| Destcn, $8.50 per copy postpaid. 


Theoretical—rather than practical 


| —problems connected with analog 
| computers are considered. Particu- 


lar attention is paid to mathematical 
sections of analog-computer theory. 
Detailed information is given 


| about various methods of applying 
| the machines to secure particular 


mathematical conditions for a solu- 
tion. Problems associated with con- 


| trol of accuracy of solution are also 
| treated in detail. 


| New Standards 


Screw-Thread Standards for Federal 
Services, 1957, Part III. 66 pages, 734 by 
10'4, in., paperbound; published by Na- 
tional Bureau of Standards, Office of 


| Technical Information, Washington 25, 
| D. C.; $0.60 per copy. 


This volume was issued in Octo- 


| ber, 1960, and completes the three- 
| part subdivision of 1957 NBS Hand- 
| book H28. Included are Acme, stub 
| Acme, and buttress threads; rolled 
| threads for screw shells of lamp 
| holders and unassembled lamp 
| bases; microscope objective and 
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nosepiece threads; ISO metric 
threads; Class 5 _ interference-fit 
threads, trial standard; and miscel- 
laneous threads. 


American Standard, ASA B3.10-1960, Re- 
quirements for Instrument Precision Ball 
Bearings. 11 pages, 8! by 11 in., paper- 
bound; published by American Standards 
Association Inc., 10 East 40th St., New 
York 16, N. Y.; $1.00 per copy. 


This revision supersedes ASA 
B3.10-1959, and redefines character- 
istics of instrument precision ball 
bearings. Boundary dimensions and 
tolerances, size classifications for se- 
lective assembly, internal radial 
clearances, and other requirements 
are covered. 


First Revision—Standards of the Hy- 
draulic Institute—l0th Edition. 75 pages, 
84 by 11 in. punched for loose-leaf 
folder; published by Hydraulic Institute, 
122 East 42nd St., New York 17, N. Y.; 
$1.25 per copy. 

These pages contain revised and 
updated standards of the original 
tenth edition published in 1955. 
Significant changes include clarifica- 
tions and corrections involving draw- 
ings, nomenclature, and text; new 
definitions for flooded suction, spe- 
cific speed, and self-priming pumps; 
revision in test code for centrifugal 
pumps; and dimensions of NEMA 
type C face-mounted motors. 


Government Publications 


OTS Technical Reports. Copies of re- 
ports listed below are available from 
Office of Technical Services, U. S. Dept. 
of Commerce, Washington 25, D. C. 


PB 161672. Enduance Tests of Rolling Con- 
tact Bearings of Conventional and High Tem- 
perature Steels under Conditions Simulating 
Aircraft Gas Turbine Applications. By H. 0. 
Walp, R. P. Remorenko, and J. V. Porter, all 
from SKF Industries Inc.; 78 pages, 8 by 
10% in., paperbound, side-stapled; $2.25 per 
copy. 

Tests were conducted at two temperature 
levels, and at normal and high speeds. To 
provide means for determining fatigue prop- 
erties of materials without using complete 
bearings, simple specimen-testing machines 
were designed. Results are tabulated and 
discussed, 

PB 161737. Refractory Inorganic Materials 
for Structural Applications, By Harry A. Pearl, 
Joseph M. Nowak, Joseph C. Conti, and Ray- 
mond J. Urode, Bell Aircraft Corp.; 141 pages, 
8% by 10% in., paperbound; $2.75 per copy. 

Thirty-five refractory inorganic material sys- 
tems were investigated. Fabrication techniques 
were evaluated by results of room-temperature 
modulus of rupture, impact, and thermal- 
shock tests. 


SB 410. Bearings (1945-1960). 17 pages, 
8 by 10% in., paperbound, stapled; $0.10 per 


copy. 

Research reports on roller, journal, ball, 
friction, antifriction, and gas-lubricated bear- 
ings are listed in this selective bibliography. 
Reports on casting, lubrication, cooling, test- 
ing, and inspection of bearings are included. 
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for pumps as individual , 
as a fingerprint! \ 


SPECIFY 
NORTHERN 
NITRALLOY 


Northern designs and builds quality into every pump. For each 
application, materials are selected with infinite care—gears 
with ground tooth form for perfect contact, correct clearances. 
Meticulous inspection at every stage in the manufacturing 
process assures efficient, economical, lasting service for even 
the most difficult pumping tasks under rugged conditions, in- 
doors and out, year after year. 

Northern Nitralloy Pumps are available in capacities from 
Y to 146 GPM at pressures up to 2000 PSi. Within this range 
there is a pump as individual as a fingerprint — as “special” 
as you want it. 


Write today for free catalog and engineering data. 


Northern Ordnance Incorporated 
Subsidiary of NORTHERN PUMP COMPANY 
Minneapolis 21, Minnesota 
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ELECTRONIC @ PRINTED CIRCUIT @ GRAPHIC 


SYMBOLS 


MADE TO ORDER 


Repetitive symbols . . . in fact any drafting, blueprint or specification detail 
items . . . can be applied in seconds, rather than drawn in hours. If your 
engineers or draftsmen haven't yet discovered the speed and economy of 
STANPAT, they are wasting valuable hours . . . and valuable money. 
STANPAT tri-acetate sheets are quickly and easily adhered to your tracings 
without special equipment. Reproductions are crisp and clean . . . Won't dry 
out, come off or wrinkle. Mail the coupon today and see for yourself. 











STANPAT CO., Whitestone 57, N. Y. 3 
Phone: Flushing 9-1693-1611 
(CD Please quote on enclosed sample Dept. 61 a 
(C Kindly send literature and pl 





Nome 
Title. 
Cc 











r 7 
Addre 
City. State 
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Rugged and Reasonable for any Application | 


Here are a few of the many precision-made 
Chicago Locks available. They’re engineered 
for maximum security — made of carefully 
selected and tested metals. And they empha- 
size attractive design and compactness. 

Whatever your needs, you're sure to find 
a Chicago Lock that’s perfect for your pur- 
pose .. . and priced right, too. 


*One of the ACE Lock line—Maximum security locks with 
the exclusive round keyway. 


Write today for your FREE catalog showing, in detail, - 
the entire Chicago Lock line. 





| SHICAGO LOCK CO. 


054 N. Racine Avenue @ Chicago 14, Illinois 
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NOTEWORTHY 


Constant-Velocity Universal Joint 


A double-pot type universal joint is self-centering and 
provides nearly constant angular velocity by compen- 
sating for axial movement of the driveshaft. During 
operation, the entire housing rotates, both the driving 
and driven shafts being keyed to the housing by a 
trunnion-and-bearing assembly. Universal action is 
provided by a ball-joint which rides in a groove in an 





Trunnion and bearing 
(= eH eas ++ Ball 


Driving | y 2 Nie 
shoft | sees S << : > Bearing bores 
Nw | 

















extension of the driven shaft. The driven shaft is thus 
free to move axially to compensate for shaft deflection. 
Because this shaft movement does not change the cen- 
ter of gyration of the ball, the variation in the universal 
joint’s angular velocity is negligible. Patent 2,964,928 
assigned to General Motors Corp., Detroit, Mich. by 
Donald Peter Marquis. 


High-Volume Diaphragm Pump 


An annular backup ring strengthens a flexible pump- 
ing diaphragm, increasing the effective displacement of 
a pump and allowing large volumes of fluid to be 





[ Ot 











moved. Operating fluid is completely isolated from the 
pumped fluid by the diaphragm. A reciprocating-ball 
pump provides a pulsating operating pressure to actuate 
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the diaphragm. At peak pressure, the diaphragm is 
moved. toward the outlet port; at low pressure the dia- 
phragm is returned by a spring. On-off control of the 
pump is provided by a shutoff valve, eliminating the 
need for a clutch. Patent 2,953,096 assigned to Thomp- 
son Ramo Wooldridge by Achilles C. Sampietro. 


Compensating Rotary Fluid Seal 


A seal designed primarily for use between rotary and 
stationary fluid passages adjusts automatically for any 
axial play caused by surges in the system. In addition, 
an O-ring between the rotary ring of the seal and the 
rotating fluid passage allows for axial misalignment. 
System pressure acts on the compression ring, forcing 
the flexible gasket to move forward and to seal against 


Stationary ring 
hie 


-Sleeve 








Compression 
ring 


| 
| 
Flexible gasket | 





the sleeve and the stationary ring. As the flexible gas- 
ket moves forward, it forces the sealing face of the sta- 
tionary ring into contact with rotary ring. The flexible 
gasket and its bearing spring expand and contract to 
compensate for any axial play. Patent 2,964,340 as- 
signed to Continental Oil Co., Ponca City, Okla., by 
Ora A. Kinzie and Hubert ]. Watts. 


Extreme-Condition Swivel Joint 
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A swivel connector for high-pressure, high-tempera- 
ture fluid lines uses a rubber O-ring with a Teflon 
backup ring for sealing. Pressure on the O-ring, as 
well as system heat, causes the backup-ring material 


to flow. Thus, the backup ring is always in contact | 


with both the stem and the rotating sleeve, prevent- 


ing extrusion of the rubber O-ring under pressure. An | 


antifriction thrust bearing is used to provide friction- 
free swiveling action and to absorb thrust loads. Patent 
2,963,304 assigned to The Youngstown Sheet and Tube 
Co., Youngstown, Ohio, by Harold Comlossy Jr. and 
Robert R. Hedden. 
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Potented in the U.S.A, ond in foreign counties 
U. 5. Potente: Re, 21934, 2294869 


The cam sector is stain- 
less steel. 





“Exclusive Helicoid movement 
provides Sustained Accuracy 
...0n the toughest jobs! 


e Helicoid Gages have no gears, no teeth—wear is 
reduced to an absolute minimum. No danger of 
fouling, either—rolling action of cam facing keeps 
contact surface clean. Even when subjected to vio- 
lent pressure pulsations or mechanical vibrations, 
Helicoid Gages stay accurate. Only Helicoid Gages 
provide all these advantages: 





Sustained accuracy—Helicoid movements have 
been tested through 75,000,000 cycles, with vir- 
tually no wear or loss of accuracy. Conventional 
geared gages on the same test became useless after 
only 500,000 cycles. 


Durability— Bourdon tubes won’t stretch, leak or 
crack. Dial faces won’t corrode or chip. 


Wide selection—Gages are available for practically 
any application from tap water to acid. Gages in- 
clude flanged and flangeless, round and square, in 
standard and flush-mounting models. Accessory 
equipment includes gage cocks, needle valves, 


siphons and snubbers. 
| 3 d a 


NEW! Solid-Front 
Safe-T-Case Gage 
This new Helicoid design diverts 
the force of a burst in a backward 
direction, away from the operator. 
The force escapes by deforming the 
back cover plate, 
which can then be re- 
placed inexpensively. 
) | 
| 4 Wrile tor Cataiog DH-65 for details 
| on the complete line of Helicoid Gages 


Distributed in Canada by Upton, Bradeen & james, Ltd. 
Quebec, Montreal, Ottawa, Toronto, Hamilton, Windsor, Winnipeg, Edmonton, Vancouver 


HELICOID GAGES *<:° 


Helicoid Gage Division «American Chain & Cable Company, Inc. 
929-M Connecticut Ave., Bridgeport 2, Conn. 
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ROTARY AIR 


LOOK AGAIN | 


PRODUCTS 





TWO TYPES OF MINIATURE OIL-LESS 


GAST =. VACUUM PUMPS 
and AIR COMPRESSORS 


(1) Model 1030-vi10- 
206 Vac. Pump, 
1/20 h.p. Up to 1 
c.f.m.; to 15” vac. 


@ Model 0330-V112- 


206 split phase 
1/20 h.p. motor, 
.48¢.f.m. Up to 20” 
vac. or 15 p.s.i.g. 


Model 0330-V102A- 
151 series wound 
motor. Up to .67 
c.f.m. To 20” vac. 
or 10 p.s.i.g. 


Model 0330-V110- 
202 shaded pole 
motor. Up to .35 
c.f.m. To 20” vac. 
or 10 p.s.i.g. 


(Below) Model 
0630-P103 Com- 
pressor, up to 6 
c.f.m. To 25 p.s.i.g. 
or 24” vac. 


ae 


FOR ORIGINAL EQUIPMENT 
APPLICATIONS ON CONTROLS, 
INSTRUMENTS, BUSINESS 
MACHINES, LAB EQUIPMENT 


Now — where space is very limited 
— you can woe moderate vacuum 
or pressure with one of these two 
types (3 series) of Gast semi-miniature 
Air Pumps. 


They run entirely without oil. Carbon 
vanes lubricate themselves, producing 
a completely oil-free air blast or ex- 


haust. Rotary design is simple, trouble- 


free and positive in air displacement. 


The largest Model 1030 (1 above) de- | 


livers up to 1 c.f.m. running open at 
3450 r.p.m. Model 0630 (5 below) has 
identical exterior, delivers up to .¢ 
c.f.m. Smaller type 0330 (2, 3, 4 above) 
is shown with a choice of motors to 
suit various pump applications, both 
a.c. and d.c. With a rotor diameter 
smaller than a penny, Model 0330 
produces up to .67 c.f.m. (open) at 
6000 r.p.m.! 


These ‘‘semi-miniatures’’ may solve a 
problem for you — investigate today! 


WRITE TODAY FOR BULLETIN M-OVP. 


GAST MANUFACTURING CORP., P.O. Box 117-P 


See Catalog 
in Sweet's 
Design File 


Benton Harbor, Michigan 


GAST 


@ AIR MOTORS TO 7 HP. 
@ COMPRESSORS TO 30 P.5.! 


R o TA RY @ VACUUM PUMPS TO 28 IN. 


“Air may be your answer!” 


SS 


SS 
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THINKING sau 


| Checks accurately in seconds! 


HAND TOOL MEASURES 
LOW TORQUE 


WATERS 
TORQUE WATCH 
GAUGES 


Check torque of rotating 
machinery, gear trains, mag- 
netic clutches, small motors, 
dials, springs, potentiometers, 
variable condensers, servo 
mechanisms, tuning mechanisms, 
and hundreds of other devices 
within 5% (2% on special order) 
without expensive lab set up! Direct 
reading. Bi-directional, clockwise, 
counterclockwise models! Records 
apneet torque applied! .005 to 
oz./in. and 2 to ee ./cent. 
Write for bulletin TW-16 


NEW TORQUE CALIBRATOR 


New Waters Torque 
Calibrator checks 
torque measurin 
devices within +0.2 

of indicated reading. 

Write for Bulletin 


10-1260 TORQUE WATCH GAUGES 








WATERS MANUFACTURING, INC. e WAYLAND ¢ MASS. 
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e@ CERAMICS 
e@ LIQUIDS 


@ DELICATE 
ASSEMBLIES 








s 
(yes, even fish bowls) 








SHOCK 
ABSORBING 
CASTERS 


Kid glove handling for 
handle-with-care cargoes 
... indoors or outdoors. 


Pneumatic Tires for resiliency and 
flexibility. Adjust cushioning to load’ 
by varying air pressure! 

Wide Base Rims for better flotation, 
longer tread life. 

Bolted Hubs, 4 ply casings and sepa- 
rate inner tubes. 


Forged steel caster construction; 
integral kingpin; precision tapered 
thrust bearing; plus many other 
features. Get all the facts about 
Cush-N-Aire and hundreds of other 
Hamilton casters. 


Write for catalog today! 





Hamilton 


CASTER & MFG. CO. 
1721 Dixie Highway, 
Hamilton, Ohio 
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ROD END EXTERNAL 
THREAD TYPE 


. 4 S if-Al ee dap “DREM” SERIES 
nop END NTERNAL 7 CANS oo 
“= “4 


“DREF” SERIES —s my / and 
©  Self-Lubricating O95 
SPHERICAL BEARINGS Ws 


id 
Combine Monoball: Engineering Advantages with Life-Time Lubrication 


Design engineers in many industries are specifying new “DYFLON’® SELF-ALIGNING and SELF-LUBRICATING SPHERICAL BEARINGS 
for these 5 major reasons: 

1, LOWER COEFFICIENT OF FRICTION In addition, due to their two-piece ““MONOBALL’’® 

..ideal where lubrication is impossible or undesirable. design and plastic alloy insert, “DyFLON’® bear- 

2. WITHSTAND EXTREME VIBRATION a ings have a long cycle life. Alignment and installa- 

.. perfect performance under shock load conditions. tion problems are minimized. Oil-free for life 

3. WILL NOT “COLD-FLOW” 7 : i : 

...even under extreme load conditions. means low est possible maintenance costs. ; 

4. IMPERVIOUS TO KNOWN CHEMICAL SOLVENTS Available in a variety of plain or rod end types. 

..eliminates corrosion problems. Bore sizes to 3.000”. Materials include stainless 

5. FAIL-SAFE ... due to “Monoball’® design. steel, plastic alloys and chrome alloy steels. U!ti- 


Request Engineering manual No. 551. mate static loads to 500,000 Ibs. 


1705 SO. MOUNTAIN AVE 


SOUTHWEST PRODUCTS co. MONROVIA, CALIF. - PHONE: MURRAY 1-9616 
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at LOWEST PRICE 


Finger tip 
speed control 


1. 80% of spring pin applications only require Medium Duty 
SPIROL PINS, which cost less. 

2. Even the Heavy Duty SPIROL PINS in this socket-wrench 
universal joint don't cost more than other types of spring pins. 


3. Assembly costs are lowered with SPIROL PINS! Just drill the 
hole (plus and minus tolerances allowed only by SPIROL PIN) FOR INDIVIDUAL OFFICE USE 


and drive the pins—automatically or by hand. 


4, Medium and Light Duty SPIROL PINS replace more costly 
fasteners, even in materials where other spring pins cannot 
be used. Come in Miniature Diameters, too: 1/32” to .052”. all other makes @ Rotolite prices start at $129.50. 


— 3 . | ROTOLITE SALES CORP., Stirling, N. J., Phone Millington 7-1040 


CONNECTICUT 


Finger tip speed control for whiteprints, sepias and 
foils @ Fastest Diazo Lamp on market @ Priced below 


Write for free TECHNICAL DATA “_ | Please send literature on Rotolite “‘Expeediter’’ 
wu 8=6MANUAL. Free samples for . SE rere ee biel ae 


KA specific applications. — TER 
. Cc. E. M. COMPANY, INC. Address 


MANUFACTURING 
COMPANY, INC 41 School Street, Danielson, Conn. « PRescott 4-8571 K-2 
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Your 
Template 


Supply House 


"Quality At The Right Price” O 


ke 
3 


miniature 


THERMAL time delay 
RELAY 


®@ Rugged, high strength bakelite housing 





FY 


E0000 0010: 





LItoo 


®@ Simplifies circuitry . . . cuts costs 
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@ Eliminates costly magnetic relays 


ASK YOUR LOCAL DEALER T ALVIN & COMPANY, INC.| | . RATED: 100 milliamps to 10 amps 


or write for Importers, Manufacturers and Distributors Up to 115 V ac 

ti Windsor, Connecticut 
ALVIN'S FREE | . prawing Sets o Drafting Materials PRODUCTS COMPANY OF AMERICA 

Template Catalog| ¢ Drafting instruments Drawing Equipment 6284 N. Cicero Ave. * Chicago 46, Ill. 


Designing Aids e Measuring Devices Kildare 5-1553 
IN CANADA: 265 Craig St. West * Montreal 1, Que. 
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| FLEXIBLE SHAFTS 


Available from Stock 
ALUMINUM POLYETHYLENE 


Cut Corners—Save Money 28¢ | |To Protect Threads, Tubes, Valves, Components, etc. from Dirt and Mishandling 








“C” Series AN & ” 
ve “200"’ Series Ta- 
SAE Fittings. pered Plug & Cap 

















POWER DRIVES-COUPLINGS-REMOTECONTROLS “x i SAE Fittings | yi a ee Tr ee oe 
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Write for Engineering and Design data 
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FLEXIBLE SHAFT CO., INC. 


112 Summit Ave., Chatham, N. J. 
MErcury 5-8500 
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M y er 
“ERA” Series for | “‘IF’’ Series Plugs = 
“D.1.P.”’ Series ERMETO and MS | for Inverted Flare | ‘‘SP’’ Series 
Drive-in Plugs Fittings Fittings Flange Caps 
Special Closures Manufactured to Customers’ Specifications, of Aluminum or Poly- 
ethylene. Quotations on request, furnish description desired including thread size. 
Manufacturers of Industrial Closures Since 1944 
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Get Easier, More Accurate 
% Cylinder Speed 
| Control 


with ® 
| Pneu-Trol 
VALVES 


IN AIR OR 
HYDRAULIC USE 


2,000 (brass 
or aluminum) 
and 5,000 (steel) p.s.i. 


Pneu-Tro!l Valves combine in a short, com- 
pact body, a tapered fine thread needle 
for extremely accurate air or oil flow 
control and a floating retro ball check, 
which permits full flow in the opposite 
direction. Retro ball floats in most sensi- 
tive position to seat, requiring only a 
slight differertial pressure to fully open 
or close it. Check Valve and Needle Valve 
incorporate single function features of 
Flow Control Valve. All valves available 
in 5 female pipe sizes — Ye" to %”. 
Valve bodies are made from brass, alum- 


i tee mA i 
inum, steel or stainless steel. Attractive er 
Prices — Immedicte Delivery. uli 
Write for Illustrated Circular and Price List. 
Single Acting 


Cylinder 
Speed Control. 


Inlet speedcontrol for CHECK VALVE 


Double Acting Cylinder. 
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NEEDLE VALVE 


"2925 GRANT STREET 


BELLWOOD (Chicago Suburb) ILLINOIS 


OF-T TM a FU ge [Tal tom 
Crown Lapped and — 
AVAILABLE 

FROM STOCK. 


- 
4 
\ 

™ 
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Standard 


‘SPIRAL BEVEL 
Gears 


Why wait for delivery on spiral bevel gears? ARROW 
ships from a full stock of common sizes, in ratios: 
ltole2tole3tol e 3 to2 and 4 to 3. Gear sizes 
of 1.000 to 13.000 pitch dia. Teeth are precision matched, 
case hardened and crown lapped. Sets are precision 
made, high speed tested. 


WRITE FOR ENGINEERING MANUAL 


ARROW (Fea 


2301 Curtis Street + Downers Grove, Illinois 
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Type “BL” 
Ventilating Fan 


To Help You Select 
The Right FAN... 


IN DESIGNING A FAN INTO EQUIPMENT are you 
considering the important factors beyond the original price 
of that fan? 


YOU KNOW that the equipment cannot function better 
than the fan — whether the fan is for cooling the equipment, 
exhausting or supplying air. 

IT’S A FACT that fan costs are in direct proportion to effi- 
ciency, ease of maintenance and durability. 


IT’S ALSO TRUE that if a fan has a lower price tag, 
something important has been left out of its design and its 
manufacture. 

Here are some features which you should have in the larger 
centrifugal fans you specify for important air moving jobs: 
1. The non-overloading characteristic, which makes 

it impossible to overload a Fan, regardless of 
system resistance. 
Directional inlet vanes, which spin the incoming 
air into the wheel in the direction in which it is 
traveling — reducing turbulence: and stepping up 
efficiency. 
A completely smooth inlet into the wheel, made 
possible by the inlet bell and mating dished wheel 
flange, which provides the smoothest air ride and 
the quietest, most stable performance. 
4. Quality construction that insures years of trouble- 
free service. 
WRITE TODAY for Bulletin 104-A for specifications on the 
Buffalo Type “BL” Fan. It more than meets the requirements 
listed above. Capacities from 1000 to 500,000 cfm for almost 
every job requiring Classes I and II construction. 


BUFFALO FORGE COMPANY 
Buffalo, N.Y. 
Buffalo Pumps Division @ Buffalo, N. Y. 
Canadian Blower & Forge Co., Ltd., Kitchener, Ont. 
VENTILATING © AIR CLEANING e@ AIR TEMPERING @ INDUCED DRAFT 
EXHAUSTING @ FORCED DRAFT © COOLING @ HEATING @ PRESSURE BLOWING 
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EXPLOSION 
PROOF 


Solenoid Valve 


@ Now... You can get Versa Valves with Explosion Proof 
Solenoid actuation. This new actuator is available on any 
series ‘‘V"” and ‘‘T” Valves in sizes from 4%” NPT to 42” 
NPT in 2-, 3-, 4- and 5-way types, in side port models or 
sub-plate models for manifold mounting, and for pres- 
sures from partial vacuum to 500 PSIG. @ These superior 
valves are completely enclosed units, having no external 
moving parts and they are virtually trouble free. @ All 
Versa Valves are triple pressure and functionally tested 
under water for guaranteed leakproofness. &@ For com- 
plete information write today for Bulletin #660. 


EF 


VERSA PRODUCTS COMPANY, INC. 
150M COOLIDGE AVE., ENGLEWOOD, NEW JERSEY 
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WORM GEAR 
SCREW JACKS 
by JOYCE 


EW! 


For... 
Pressure and Torque Applications | 
Actuating | 
Conveyor Adjustments | 
Machine Adjustments | 
Leveling Systems 
Welding Positioners 
Jigs 
Testing Equipment 





Models, one ton and up. Can be driven by 
motors or manually operated ... synchronized 
by interlocking shafting and gear boxes. Various 
screw attachment heads available . . . also 
Stainless steel or hollow screws. 

SEND COUPON FOR FOLDER TODAY! 


THE JOYCE-CRIDLAND COMPANY, DAYTON 3, OHIO 
Rush folder on Worm Gear Screw Jacks! 


NAME 





COMPANY 
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Tilting 
Action 


Completely 
Balanced! 


DESK-O-MATIC 


Adjustable springs on the tilting quadrants of the May- 
line Desk-O-Matic and May-O-Matic drafting tables give 
the draftsman a constant smooth change in angle position 
of the drafting top, despite any accessories that might 
have been added to the top edge. 





INIA 


For additional information on this important top tilt con- 
trol factor, inquire of your local dealer or write to factory. 
All inquiries answered promptly. 


MAYLINE CO., INC. 


601 No. Commerce St. 


Sheboygan, Wisconsin 


& 


MAY-O-MATIC ‘’E’’ COMBINATION 








MAYLINE 
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since 1905, has been supplying Am- 
erica’s leading companies with more than 
300 grades of felt, in wool or synthetics. 


Of particular interest to you may be our new technical bulle- 
tin, “Comparative Properties of Industrial Felt”. This FREE 
copy shows you immediately which felt to use! 


Your inquiries will be handled promptly. Our laboratories and 
engineering departments are at your service. 
STOCKED FOR PROMPT DELIVERY e CUT TO YOUR REQUIREMENTS 
CONTINENTAL E beds l COMPANY 
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SELF-SUPPORT. 
ING — Needs no 
external supports 
of any kind. 














ASSEMBLY PLATE 
— Holds internal 
parts in position 


SYPHON ELBOW 
— Permits use of 
straight pipe for 
syphon. Can be 


when head is inserted or with- 
removed. drawn right 
through the joint. 














with SYPHON ELBOW 


Johnson Joints represent the best way industry has yet 
found to get steam or liquids into rotating rolls and 
cylinders, They are completely packless, need no lubrica- 
tion or adjustment. The Type SBP shown gets steam in, 
condensate out, through the same head, Other types avail- 
able for through flow service, in sizes to meet all operating 
needs. WRITE FOR COMPLETE INFORMATION. 


e Johnson Corporation A 


811 Wood St., Three Rivers, Mich. + | may 6...one source 
Circle 536 on Page si | supplier for 


fasteners and 
hardware 








National Lock offers superior 
engineering and design ability, 
plus extensive, up-to-da.e pro- 
duction facilities, to manufacturers 
in all phases of American 
industry. The broad knowledge 
gained in serving these varied 
customers can serve you, too. 
Look to National Lock when you 
need fasteners and decorative or 
functional hardware of the 

een ee highest quality. Write today 
NEW VARIABLE SPEED CATALOG| | for full information. 


Here’s all you have to know about fhp variable 
speed. Explains the Zero-Max principle with pic- 
tures and diagrams of uses. Describes over 30 


deliver Oto 1200 rpm and up 10 450 in.ibs, wrque. | | WAI ONAL LOCK 


> WRITE FOR YOUR FREE COPY TODAY! INDUSTRIAL HARDWARE DIVISION 
NATIONAL LOCK COMPANY + ROCKFORD, ILLINOIS 
The ZERO-MAX Company INTERNATIONAL DIVISION 


2895 Harriet Ave. S., Minneapolis 8, Minn. « TAylor 7-5521 13 &. 40TH ST. NEW YORK 16, N. Y. 
CABLE: ARLAB 




















Circle 537 on Page 19 Circle 538 on Page 19 





SPEED 
SELECTOR \ 


VARINBUE * 


cy SHEAY ES 


Control Speeds on 
Variety of Machines 


Mowers and Equipment 


Machine Tools Materials Handling 


Wide ied Range! Low Cost Sheaves 


Speed Selector Sheaves can 
give your machines or equip- 
ment extra wide-range speed 
control on fixed centers. Effi- 
cient, rugged, simple to use — 
low in cost! Write for Illustrated 
Bulletin. 
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P.O. BOX 312-B e CHAGRIN FALLS, OHIO 
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ey 
88-PAGE 
CATALOG 


This cylinder of Wi 
“distinction” is a 
} Factory Reject. 
Only straight 
rods available. 


AuEnAir 


CYLINDERS ¢ DIAL FEED TABLES 
AIR VALVES & CLAMPS 


NEW CATALOG AVAILABLE ON REQUEST 


Write Before Next Tuesday! 


ALLENAIR CORP., 255 East 2nd St., Mineola, N. Y. MD-2 
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MECHANICAL ENGINEERS 


BRUNSWICK CORPORATION is expanding its Research 
and Development Division and offers outstanding career 
opportunities for graduate Mechanical Engineers qualified 
to handle positions involving 


© AUTOMATIC MACHINERY DESIGN 
@ PRODUCT DESIGN and DEVELOPMENT 


This is an opportunity to associate with a company recog- 
nized as a leader in the recreational field, and whose 
growth and stability has been outstanding. Positions offer 
good opportunities for technical advancement and long- 
range careers. Openings available at various levels from 
recent college graduates, Senior Design and Project Engi- 
neers to Engineers who have supervisory experience. New 
and modern engineering offices offer excellent work en- 
vironment. The company is located in Western Michigan, 
“Heart of Michigan Vacationland” offering excellent op- 
portunities for family recreational activities. Positions offer 
challenging work, attractive starting salaries commen- 
surate with experience, along with excellent fringe benefits. 


Send replies outlining education, experience, and salary 
desired, to A. J. Nelson. 





Brunswick 








CORPORATION 
MUSKEGON, MICHIGAN 
AVAILABLE OR WANTED 
WANTED: Assistant Plant Engineer. College graduate with 
M.E. or LE., knowledge of plant maintenance, machinery 
installation and design for highly specialized textile plant 
in Northeast. Must have potential to develop into Chief 
Engineer. Age 30 to 40. Salary open. Send complete resume 


to MACHINE DESIGN, Box 985, Penten Bldg., Cleveland 13, 
Ohio. 


WANTED: DEVELOPMENT ENGINEER. Develop advanced 
manufacturing production equipment and systems for widely 
varying applications. High analytical, technical and in- 
ventive abilities required plus minimum of five years ex- 
perience in design of production machinery and controls. 
M.L. degree required with additional consideration given 
advanced degree. Send resume and salary requirements to: 
Mr. Howard E. Lutz, Jr.. Westinghouse Electric Corporation, 
P. O. Box 2278, Pittsburgh 30, Pennsylvania. 
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backtalk—— 


—Project Mercury Preliminaries 


Preceding man into space, even as Darwin 
explains they did on earth, the simians are 
pretty nonchalant about their pioneering. 


Duane, Jim, and Chu, three of 75 chimpan- 
zees in training at Holloman AFB for an actual 
space flight, look as though they enjoy dressing 
up in space suits and trying capsules on for 
size. Chu is even practicing a farewell wave 
(or is he trying to get out of the thing?). 


Meanwhile, back from a simulated flight, 
two Rhesus monkeys hurry to their television 
set. These Mickey Mouse fans are equipped 
with permanently implanted radio transmitters 
to broadcast physiological data during “flight.” 
Acceleration, vibration, noise, and other stresses 
of blastoff have produced no ill effects on the 
pair; anxiety over Mickey’s fate, however, seems 
to upset them considerably. 


—A Rather Sharp Dim View 


Fancy what William Cowper would have had 
to say about space travel! (You remember Wil- 
liam Cowper: English poet, 1731-1800.) Our 
reading recently gave us the opportunity to 
learn his viewpoint on man’s desire to fly: 


. . if a power to convey himself from place to 
place, like a bird, would have been good for 


[man], his Maker would have formed him with 
such a capacity. ... it is easy to prognosticate 
a thousand evils which the project must neces- 
sarily bring after it; amounting at last to the 
confusion of all order, the annihilation of all 
authority, with dangers both to property and 
person and impunity to the offenders. Were I 
an absolute legislater, I would therefore make 
it death for a man to be convicted of flying, the 
moment he could be caught; and to bring him 
down from his altitudes by a bullet sent through 
his head or his carriage, should be no murder. 


While he was a bit harsh on the would-be 
airman, Mr. Cowper showed remarkable fore- 
knowledge of the “thousand evils” attendant 
to this mode of travel. Anyone who has spent 
any time at an airline terminal on a stormy 
day surely knows what he meant by “the con- 
fusion of all order and the annihilation of all 
authority.” 


—fCoffee, Tea, or Sound Track? 


Don’t get the idea that we’re anti-aviation— 
indeed, if Bill Cowper were running things to- 
day, we would fly even on pain of a bullet 
through our head or carriage. 

We not only greatly admire the ever-improv- 
ing machinery of the airplane, but look forward 
to the services which are always being added. 
This spring, for instance, TWA will show 
first-run movies on nonstop jet flights between 
New York and California, and on some trans- 
atlantic flights. 

In-Flight Motion Pictures Inc. (who else?) 
developed equipment for showing the films, in- 
cluding lightweight head sets with individual 
volume controls for those passengers who 
choose to watch. 


—Motors, Electric and Outboard 


A contest that doesn’t require you to display 
your design-engineering skills (but presumes 
that you possess such skills) is announced by 
Franklin Electric Co. Inc. Franklin seeks a 
name for its new aluminum motor; submitter of 
the best name will receive a 16-ft aluminum 
runabout and a 40-hp outboard motor. The 
21 next-best names will be good for runner-up 
prizes of aluminum golf carts. Information on 
the new motor and entry blanks are available 
from Franklin Electric Co. Inc., Bluffton, Ind. 
The contest closes Feb. 28. And remember— 
only design engineers can enter. 


Macuine Desicn 
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EVERY TYPE OF KEYING AND PINNING DEVICE FOR PRODUCTION ASSEMBLING 


GILLEN 


Eliminate expensive 
machining and fitting 
with 
NEW GILLEN 
Hardened Spring Steel 

TENSION 
BUSHES 

Self-Seating - Self-Fitting 

Long Wearing- Economical 


STRAIGHT SLOT 


ARROW SLOT 


H 
/ 


SLANTED SLOT 
Internal or External Types 


Many lengths and diameters. 
Chamfered for 
Quick and Easy Insertion. 


Write for complete information 
JOHN GILLEN COMPANY 


% subsidiary of 

STANRAY CORPORATION 
2568 South 50th Avenue 
Cicero 50, Illinois 


PIVOTS - BUSHES - TENSION, TAPER, GROOVE & DOWEL PINS » MACHINE KEYS & PART 


“GILLEN 
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~ MOTORS 
010) )\| Drama’ 


You're buying motors by the pound 


when price is the 


Sure, you can get a motor for the lowest price, a motor 
of the same'type and with the same rating and operat- 
ing characteristics of the highest priced motor. But, 
while initial price is an important factor, the actual cost 
is the ultimate cost of a motor. And, ultimate cost 
includes the repair bills, lost production, lost man hours 
and lost customers that an inferior, built-down-to-a- 
price motor could cost you. 


Wagner® protected polyphase motors do cut expensive 
downtime. Their cast iron frames can’t be affected by 
corrosive acids, salts, or alkalies. They are designed for 
cool running... stator temperatures stay low to in- 


only consideration 


crease motor life. Wagner polyphase motors are de- 
signed to permit relubrication that adds years to motor 
life under severe operating conditions. Wagner motors 
have earned a reputation for proven dependability. 


Next time you buy motors, check beyond the purchase 
price. Make sure that you get all the performance you 
need—with motors that will do the job. 


Wagner motors have been getting the job done for more 
than 65 years. Your Wagner Sales Engineer will be glad 
to show you why. Call him for an analysis of your next 
motor application, be it for plant or product. 


Branches and Distributors in all Principal Cities 


Wagner Electric Corporation 


6404 PLYMOUTH AVENUE, ST.LOUIS 33, MISSOURI 
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A rooster was scratching around in his barnyard, looking for corn and worms. He came upon 
a brilliant diamond which someone had lost. / All the hens fluttered around to see and 
admire its sparkling beauty. But the rooster went on with his scratching elsewhere. / “No 


doubt, it’s a fine item for those who can use it,” he mused, “but I want nothing more than 
to keep on finding food.” 


moral: Don’t let fancy outshine value. 


We don't crow too much about fancy cylinder features. Keeping Chrome-plated barrels for Hydro-Line air cylinders virtually 
your machines in motion is our satisfaction. But when two eliminate scoring in rugged applications. Corrosion is eliminated, 
important new advantages we know you can use are designed even where condensation is unusually severe. 

into Hydro-Line cylinders, we like to explain how they can help 


; ra Nelle Look in Sweet's Product Design File for dimensions of our 
you increase productivity and meet shipping deadlines. 


standard stock cylinders, ready for “off-the-shelf” delivery. Check 
Rod seals and wipers for our series N2 hydraulic cylinders are the address of your nearest Hydro-Line representative. Then ask 
made from DuPont's Viton®—highly resistant to heat and him to help you select the correct cylinder for hydraulic applica- 
hydraulic fluids. (Viton seals and wipers are optional, at slight tions to 5000 psi and air operations to 200 psi. Or, phone TRemont 
additional charge, on series R2 cylinders.) 7-5758 to contact the factory direct. 


Viton is a registered trademark of E. 1. DuPont De Nemours & Company, Inc 
< 
HYDRO-LINE = 
CYLINDERS 


5602 PIKE ROAD, ROCKFORD, ILLINOIS, manufacturers of 
high- and low-pressure hydraulic cylinders * heavy-duty air cylinders * adjustable- 
stroke cylinders * dispensing cylinders ® intensifiers * single-acting cylinders * boosters ® rod end couplers 
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Specially compounded and molded parts gave this 
manufacturer the competitive edge he wanted! 


Hydro-Line Manufacturing Company posed this 
problem to C/R: produce an elastomer rod seal 
and dirt seal with the highest possible resistance 
to wear (equal or superior to Buna-N) — that will 
function dependably in air at temperatures ranging 
from -—40° to 450° F. Further, the seals must be 
compatible with the widest range of industrial hy- 
draulic fluids. 

C/Rt Sirvene engineers selected Viton-A* as the 
base material. They specially compounded it, pig- 
mented it to permit distinct color-coding, then 
molded the rod seal and auxiliary dirt seal you see 


above to precise tolerances. These seals have wear- 
resistance equal or superior to Buna-N. They have 
the highest continuous service temperature resis- 
tance of uny elastomer on the market, and their 
compatibility will assure long service life in vir- 
tually all industrial applications. The manufacturer 
is able to standardize — safely and economically. 
C/R+ can do the same for you. We have the special 
techniques, knowledge and facilities to help you give 
your product a competitive advantage. Call or write for 
immediate information or engineering assistance. 


*DuPont registered trademark 
tT.M. Reg. U.S. Pat, Off 


CHICAGO RAWHIDE MANUFACTURING COMPANY 


SIRVENE DIVISION, 1221 ELSTON AVENUE * CHICAGO 22, ILLINOIS 
Offices in 55 principal citie 

In Canada: Chicago Rawhid ‘ 

Export Sales: Geon Inte | Corp., 


c/R PRopucTs: C/R Shaft & End Face Sealse Sirvis-Conpor mechanical leather cups, 


packings, boots ¢ C/R Non-metallic gears 
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